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PREFACE TO THE SIXTH EDITION. 


The present edition has been submitted to thorough revision, 
and it is hoped that the most important facts which have 
been brought to light since the appearance of the last edition 
will be found to be incorporated in it. No very important 
changes in classification have been introduced, save that the 
Echinodcrmata^ in accordance with the views of many dis- 
tinguished naturalists, have been raised to the rank of a sub- 
kingdom. This alteration necessitates the abandonment of 
the Afmtiloida^ as a sub-kingdom, and the reference of the 
Scolecida to the Afmulosa ; and though this arrangement is far 
from being wholly satisfactory, it would seem to be the best 
that can, under the circumstances and with our present know- 
ledge, be adopted. 

Lastly, a considerable number of additional illustrations 
have been introduced, by which, it is hoped, the wwk of the 
student will be proportionately lightened ; and it is to these, 
chiefly, that any increase of bulk in the present edition is to 
be ascribed. 

United College, St Andrews, 

May 24, 1880. 



PREFACE TO THE FIFTH EDITION. 


The present edition of this work, in its general ground‘j)lan, 
is essentially identical with those which have preceded it ; but 
it has, nevertheless, been subjected to very considerable modi- 
fications in detail. The original aim of the work was to give, 
in as clear and concise a form as possible, the chief parts of 
Systematic Zoology, and to give only such a selection from 
these as could be readily made available by ordinary students. 
In the present edition this aim has been faithfully adhered to, 
and, it is hoped, has been more thoroughly carried out than 
on previous occasions. 

While in the main preserving its original basis, the entire 
work has been submitted to careful revision, and large portions 
of it have been almost entirely rewritten. A very considerable 
amount of new matter has been added ; but an undue increase 
in the size of the book has been prevented by the expedient 
of printing portions of the text in small type. Some space 
has also been gained by the omission of the synoptical tables 
of the families of the various orders and classes of the animal 
kingdom, which were inserted in former editions; and the 
space thus gained has been largely taken by bibliographical 
lists, indicating for each great division of animals the more 
important sources to which the student may look for original 
information. 

Much of the increase in the bulk of this edition is further 
due to the fact that nearly one hundred additional illustrations 
have been introduced, which, it is believed, will materially 
assist in the comprehension of the text. In connection with 
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this subject, the author has to record here his thanks to Messrs 
A. & C. Black for their kindness in permitting him to use 
several of the engravings (viz., figs. 6r, 64, 65, 66, 69, 71, 
73 » 75 > 7 ^> 209, 211, and 212) from his articles on Corals 
and Cuttle-fishes in the ninth edition of the ‘Encyclopaedia 
Britannica.* 

The only other point which appears to require notice relates 
to the classification here adopted. This classification, as in 
the previous editions of the work, is based essentially upon the 
views put forth by Professor Huxley in his masterly treatise, 
entitled ‘ Lectures on the Elements of Comparative Anatomy,’ 
published in 1864. The reader will find a good many minor 
changes in this classification, necessitated by the recent pro- 
gress of Zoological science. Thus, the new groups of the 
Hydrocorallinae and Helioporidae of Mosely have been duly 
recognised ; the discovery of the tracheal system of Peripatus 
has enriched the Myriapoda with a new order ; the Therio- 
dontia of Owen have been added to the already numerous 
groups of the extinct Reptiles; the orders Odontolcae and 
Odontotormae of Marsh, collectively forming the new sub-class 
Odontornithes, are accessions to the class of Birds ; and through 
the researches of the last-named distinguished palaeontologist, 
the domain of Mammalian life has been extended by the estab- 
lishment of the Tillodontia and Dinocerata. 

In the main, however, the author has not thought it neces- 
sary to depart from the broad outlines of the systematic 
arrangement of animals originally adopted by Professor Hux- 
ley, to which he finds himself still able to give his hearty 
adhesion. The student of some of the more recent German, 
American, and English zoological publications would, how- 
ever, find himself confronted with a classification of more 
modern origin, and in many fundamental points essentially 
different from the one followed here. Thus, to speak only of 
conspicuous instances, he would find the Sponges placed with 
the Coelenterata ; the Rugose Corals would be side by side 
with the Jelly-fishes in the class of the Hydrozoa ; the Polyzoa 
and Brachiopoda would be met with in the “ Vermes,” in the 
immediate neighbourhood of the Annelides ; and in looking 
for the Tunicates he would either have to direct his search to 
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the group just mentioned, or he might even light upon the 
object of his quest at the bottom of the Vertebrate sub- 
kingdom. 

That these and other similar changes have not been adopted 
here demands a few words of explanation. In the first place, 
the present work is intended principally for the guidance of 
general students, and the author is of opinion that it would 
for this reason be improper to introduce into it any schemes 
of classification which have not been accepted with tolerable 
unanimity by naturalists in general. Most or all of the above- 
mentioned innovations, however, though supported by many 
and distinguished names, are opposed by others of equal 
eminence. They may ultimately turn out to be based on 
nature, but, in the meanwhile, they have not received anything 
like universal acceptance. 

In the second place, most of these proposed changes of 
classification are founded upon a study of the developmental 
phenomena of animals. Some highly distinguished zoologists 
hold that embryological characters will ultimately prove to be 
the true basis of classification; but in this view the author 
unfortunately is at present hardly prepared to concur. On the 
contrary, the author finds himself in the position of being un- 
able to believe that any general system of classification can 
maintain its ground unless it be based upon the morphological 
characters exhibited by adult animals. He would not be held 
as denying, or even as depreciating, the importance of embry- 
ological studies, but he is unable to believe that the transitory 
characters of the young animal can have the same general 
value in classification — for the purposes, at any rate, of ordi- 
nary students — as have the characters drawn from the fully 
developed organism. 

In the third place, if the author had here adopted one of 
the most modern classifications of the animal kingdom, as 
advocated by those who hold that embryology is the true key 
to taxonomy, he would have no guarantee that he might not 
be called upon to fundamentally alter his arrangement within 
a year or two. For embryologists are not agreed as to the true 
import of the phenomena of the development of many ani- 
mals, and some of our highest authorities in this department 
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of investigation deduce diametrically opposite conclusions 
from their study of the same phenomena. 

Lastly, there are cases in which the author has preferred to 
retain even an antique classification, rather than accept any 
one of many arrangements which are based upon methods of 
inquiry, which are of the greatest possible value to the com- 
parative anatomist pure and simple, but which are unavailable 
for the purposes of those who merely wish to acquire a general 
but systematic knowledge of Zoology. The class of Birds 
offers a case in point. In this instance, the author has pre- 
ferred to retain, with some modifications, an old and only par- 
tially natural classification, because the only available substi- 
tutes are arrangements which are purely morphological, and 
which are based upon the observed variations in single struc- 
tures. Classifications of this kind, though of the utmost use 
to the genuine comparative anatomist, can never be thoroughly 
natural, and they are, at any rate, unsuited for any but very 
advanced students of the science. 

In conclusion, the author can only express his regret that 
the fact that almost the whole of this work had passed through 
the press before the middle of October last, should have pre- 
cluded him from in any way availing himself of, or in some 
cases even from mentioning in the bibliographical lists of refer- 
ences, some highly valuable works of recent appearance, among 
which the ‘ Atlantic,^ by Sir Wyville Thomson, the ‘ Morphol- 
ogy of the Skull,’ by Professor Parker and Mr Bettany, and 
Professor Huxley’s ‘ Comparative Anatomy of Invertebrated 
Animals,’ may be specially alluded to. 


United College, St Andrews. 
April 1, 1878. 
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MANUAL OF ZOOLOGY. 


GENERAL INTRODUCTION. 

I. Definition of Biology and Zoology. 

Natural History, strictly speaking, and as the term itself 
implies, should be employed to designate the study of all 
natural objects indiscriminately, whether these are endowed 
with life, or exhibit none of those incessant vicissitudes which 
collectively constitute vitality. So enormous, however, have 
been the conquests of science within the last century, that 
Natural History, using the term in its old sense, has of 
necessity been divided into several more or less nearly related 
branches. 

In the first place, the study of natural objects admits of an 
obvious separation into two primary sections, of which the 
first deals with the phenomena presented by the inorganic 
world, whilst the second is occupied with the investigation of 
the nature and relations of all bodies which exhibit life. The 
former department concerns the geologist and mineralogist, 
and secondarily the naturalist proper as well ; the latter 
department, treating as it does of living beings, is properly 
designated by the term Biology (from life^ and Xoyos, a 
discourse). Biology, in turn, may be split up into the sciences 
of Botany and Zoology, the former dealing with plants, the 
latter with animals ; and it is really Zoology alone which is 
nowadays understood by the term Natural History. It should 
a so be borne in mind that the science which deals with those 
which have existed during previous periods of the 
earth s history to the present, and which is usually designated 
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GENERAL INTRODUCTION. 

I. Definition of Biology and Zoology. 

Natural History, strictly speaking, and as the term itself 
implies, should be employed to designate the study of all 
natural objects indiscriminately, whether these are endowed 
with life, or exhibit none of those incessant vicissitudes which 
collectively constitute vitality. So enormous, however, have 
been the conquests of science within the last century, that 
Natural History, using the term in its old sense, has of 
necessity been divided into several more or less nearly related 
branches. 

In the first place, the study of natural objects admits of an 
obvious separation into two primary sections, of which the 
first deals with the phenomena presented by the inorganic 
world, whilst the second is occupied with the investigation of 
the nature and relations of all bodies which exhibit life. The 
former department concerns the geologist and mineralogist, 
and secondarily the naturalist proper as well; the latter 
department, treating as it does of living beings, is properly 
designated by the term Biology (from jSw, life^ and Xdyo?, a 
discourse). Biology, in turn, may be split up into the sciences 
of Botany and Zoology, the former dealing with plants, the 
latter with animals; and it is really Zoology alone which is 
nowadays understood by the term Natural History. It should 
also be borne in mind that the science which deals with those 
forms of life which have existed during previous periods of the 
earth’s history to the present, and which is usually designated 
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by the separate title of PalcBotitology^ is, in all strictness, part 
and parcel of Biology proper, and has no relations but indirect 
ones with Geology. As living beings are divisible into animals 
and plants, so Palaeontology falls into the two branches of 
Palseozoology and Palaeobolany, of which the former is insepar- 
ably united with Zoology or Natural History, while the latter is 
part of Botany as ordinarily understood. It is with animals 
and plants as organisms that Palaeontology has to deal, and 
the methods of palaeontological inquiry are those employed 
by the zoologist and the botanist. We must therefore assign 
to Biology a considerably wider domain than that which has 
been allowed to it by the earlier workers in the department of 
Natural History. 

It will be obvious, then, that in the attempt to determine 
the limits and scope of Biology, we are brought at the very 
threshold of our inquiry to the question. What are the differ- 
ences between dead and living bodies? Before considering 
this point, however, it will be advisable to discuss briefly the 
characters which in a general way distinguish what are known 
as organic from inorganic ” bodies. 


2. Differences between Organic and Inorganic 
Matter. 

The terms “organic” and “inorganic,” as applied to the 
various kinds of matter of which the universe is composed, had, 
to begin with, a very definite signification; the latter being 
applied to all those forms of matter which exist independently 
of the operation of living beings, whilst all kinds of matter 
produced by the vital chemistry of living beings were grouped 
together under the former title. “ Inorganic ” Chemistry, for 
example, was that department of chemical science which dealt 
with the latter class of bodies; while “Organic” Chemistry 
concerned itself wholly with those of the former group. Even 
at an early period, however, some confusion was created by 
the necessity of employing the term “ organic ” for accumula- 
tions of inorganic matter which had at one time entered into 
the composition of living beings. Thu.s, limestone is in one 
sense inorganic, since carbonate of lime, of which it is formed, 
occurs in nature quite independently of the operation of living 
beings. In another sense, however, most limestones are or- 
ganic, since the lime of which they are composed has been in 
the main derived from the skeletons of animals or plants. 
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At the present clay, the term “organic” has been widely 
extended in its significance by the wonderful discoveries of 
modern science ; and “ Organic Chemistry,” as it is still com- 
monly called, embraces a much more extensive field of inves- 
tigation than would be afforded merely by those substances 
which are actually manufactured by living beings. In addi- 
tion, namely, to substances like starch, sugar, fat, and other 
bodies which are produced solely by the living organism, and 
which cannot at present be artificially generated, we embrace 
under the head of “Organic Chemistry” a vast number of 
compounds which arc not produced by living beings, but are 
artificially manufactured by the chemist in the laboratory. 
These compounds are derived by various chemical processes 
from strictly organic substances, which are in reality the pro- 
duct of vital action, and they might therefore be appropriately 
called “secondary organic bodies.” 

The link between the primary and secondary organic bodies 
is afforded by substances such as umiy which is one of the most 
characteristic of animal products, and which was for a long 
time unknown except as resulting from animal life. It is now 
known, however, as first showed by Wohler, that urea is in 
chemical composition identical with cyanate of ammonia, a 
substance which can be manufactured on any desired scale in 
the laboratory. We may reasonably anticipate that the result 
of more extensive chemical researches will be very largely to 
increase the number of bodies which, at present recognised 
exclusively as the products of vital action, will ultimately be 
found capable of being artificially manufactured. 

It need hardly be added, that the term “organic,” as applied 
to any substance, in no way relates to the presence or absence 
of /i/e. The materials which compose the living body are, of 
course, “ organic ” in the main, but they are equally so after 
death has occurred — at any rate for a certain time — and some 
of them continue to be so for an indefinite period after life has 
departed. Sugar, for example, is an organic product ; but in 
itself it is of course dead, and it retains its stability after the 
organism which produced it has lost all vitality. 

The following are the more important characters which dis- 
tinguish the various organic substances, whether directly pro- 
duced by living beings, or secondarily formed by chemical 
processes of different kinds : (i.) Inorganic bodies are com- 
posed of a large number of elements ; and these elements are 
either simple and uncombined, or they are associated into 
simple compounds, which rarely consist of more than two or 
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three elements united, and are therefore called “ binary ” or 
“ternary” compounds. On the other hand, organic bodies 
are composed of few elements, and these are almost always 
combined. Indeed there are only four principal organic ele- 
ments — namely, carbon, hydrogen, oxygen, and nitrogen ; and 
of these the first is so much the most important, that Organic 
Chemistry has been appropriately termed the “ Chemistry of 
Carbon.” Furthermore, the combinations of the elements in 
organic compounds are complex, the resulting substances being 
mostly “ternary,” “quaternary,” or “quinary” compounds; 
and there is generally a larger number of atoms or equivalents 
of the combining elements than is usually the case among in- 
organic bodies. Thus, carbonate of lime consists of no more 
than one atom of calcium, one of carbon, and three of oxy- 
gen. On the other hand, albumen, which may be taken as a 
typical organic substance, consists of 144 atoms of carbon, 
no atoms of hydrogen, 18 atoms of nitrogen, 42 atoms of 
oxygen, and 2 atoms of sulphur. Haemoglobin (the red col- 
ouring-matter of the blood), again, is stated by Thudichum to 
consist of no less than 1875 atoms of no more than six ele- 
ments. Iron, however, exists in the blood, not improbably in 
its elemental condition ; and copper has been detected in the 
liver of the mammalia, and largely in the red colouring-matter 
of the feathers of certain birds, in the latter instance being in 
a condition of loose chemical combination. 

(2.) As the result of the large number of atoms which enter 
into the composition of organic bodies, we find that substances 
of this class are singularly unstable — the stability of all chemical 
combinations, even amongst inorganic bodies, generally de- 
creasing in direct proportion to the increased number of atoms 
associated in the compound. Organic bodies, being composed 
of much larger aggregations of atoms than inorganic, are pro- 
portionately more unstable ; and this instability is increased 
by the fact that many organic substances contain nitrogen, an 
element of feeble and undecided affinities, and also by the fact 
that all those which are of natural and normal occurrence in 
the living body, are in this state more or less completely per- 
meated with water. 

Hence, the primary organic substances, such as enter directly 
into the composition of living beings, are so unstable that we 
usually speak of them as decomposing or breaking up “ spon- 
taneously,” when removed from the influence of the living 
organism. So long as they form part of the actually living 
body, they are to some extent stable, but when removed from 
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this they require nothing more than the presence of oxygen, 
the existence of moisture, and a moderate degree of warmth, 
to insure their decomposition. These conditions, though essen- 
tial, are so universally present, that animal and vegetable mat- 
ters are generally considered as liable to decay “of themselves.” 
If, however, such substances be deprived of access of air, or be 
frozen, or have their water driven off by desiccation, they are 
capable of retaining their chemical composition for an appa- 
rently indefinite period of time ; and one or other of these con- 
ditions is carried out in all processes which have as their end 
the preservation unchanged of the organic substances which 
form the bodies of animals and plants. 


3. Differences between Dead and Living Bodies. 

Whilst all living bodies, whether animal or vegetable, are 
composed essentially of organic substances, there are never- 
theless associated with the living organism larger or smaller 
amounts of matter which is practically dead. On the other 
hand there are numerous secondary organic products which at 
no time enter into the composition of living bodies, and which 
are therefore just as much “dead” substances as the genuine 
inorganic substances. 

The general distinctions between dead and living matter are 
the following : — 

a. Mode of Increase , — Living bodies possess the power of 
taking into their interior certain materials (food), foreign to 
those composing their owm substance, and of converting these 
into the materials of which they are themselves built up. This 
process is known as “ assimilation,” and it is in virtue of this 
that living bodies grotu. The growth of the organism, there- 
fore, and its increase in size, is not effected by the mere 
addition of matter from the outside, but by the taking of 
matter into the interior of the body, and its modification 
there. 

On the other hand, when dead bodies increase in size (as 
crystals do in supersaturated solutions), this is effected simply 
by the addition of particles from the outside, or, as it is 
technically called, by the “ accretion,” instead of by the 
“ intussusception,” of matter. The newly added particles 
undergo no change from their previous constitution, and the 
essential element of “assimilation” is thus wanting, so that 
the process is in no sense one of “ growth properly so called. 
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b. Cyclical Change, — All dead matter tends to assume a 
condition of permanent stability and repose. Living matter, 
on the other hand, is pre-eminently distinguished by its ten- 
dency to pass through a series of cyclical changes, all the 
actions of living bodies being accompanied by a correspond- 
ing destruction of the matter by which these actions are 
effected. All these cyclical changes are effected by the slow 
but incessant reduction of the living matter of the organism to 
the non-living condition. Active life, therefore, can only be 
carried on by the constant destruction of portions of the liv- 
ing matter of the body ; and to meet the loss thus caused, it 
is necessary that a corresponding amount of non-living mat- 
ter should be constantly ‘‘assimilated,’* and raised from the 
statical condition of dead matter to the dynamical condition 
of living matter. 

c. Relations to the outside World, — Dead bodies are subject 
to the physical and chemical forces of the universe, and have 
no power of suspending these forces, or modifying their action, 
even for a limited period. On the other hand, living bodies, 
whilst subject to the same forces, are the seat of something in vir- 
tue of which they can override, suspend, or modify the actions 
of the physical and chemical forces by which dead bodies are 
exclusively governed. Dead matter is completely passive, 
unable to originate motion, and equally unable to arrest it 
when once originated. Living matter, so long as it is living, 
is the seat of energy^ and can overcome the primary law of the 
inertia of matter. However humble it may be, and even if 
permanently rooted to one place, every living body possesses, 
in some part or other, or at some period of its existence, the 
power of independent and spontaneous movement — a power 
possessed by nothing that is dead. Similarly, the chemical 
forces, which work unresisted amongst the particles of dead 
matter, are in the living organism directed harmoniously to 
given ends, their action regulated under definite laws, and 
their natural working often strikingly modified, or even tem- 
porarily suspended, and this as effectually and as perfectly in 
the humblest as in the highest of created beings. 

As a result of this, dead bodies exhibit nothing but reactions^ 
and these purely of a physical and chemical nature, whilst they 
show no tendency to pass through periodical changes of state. 
On the other hand, living bodies exhibit distinct actions^ and 
are pre-eminently characterised by their tendency to pass 
through a series of cyclical changes, which follow one another 
in a regular and determinate sequence. 
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d. Reproduction. — Every living body has the power of re- 
producing its like. Directly or indirectly, every living body 
has the power of giving off minute portions of its own sub- 
stance, which, under proper conditions, will be developed into 
the likeness of the parent. 


4. Nature and Conditions of Life. 

Life has been variously defined by different writers. Bichat 
defines it as ‘‘the sum total of the functions which resist 
death;** Treviranus, as “the constant uniformity of pheno- 
mena with diversity of external influences ; ** Duges, as “ the 
special activity of organised bodies ; ** and Bedard, as “ organ- 
isation in action.** All these definitions, however, are more or 
less objectionable, since they either really mean nothing, or 
the assumption underlies them that life is inseparably con- 
nected with organisation. In point of fact, no rigid definition 
of life ayipears to be at present possible, and it is best to regard 
it as being simply a tendency exhibited by certain forms of 
matter, under certain conditions, to pass through a series of 
changes in a more or less definite and determinate sequence. 
The essential phenomenon of vitality is, therefore, in the 
words of Herbiirt Spencer, “the continuous adjustment of 
internal relations to external relations,** and life, in its effect^ 
is the totality of the functions of a living being. Life, how- 
ever, may also be considered as a causey since amongst the 
phenomena preseited by all living beings there are some 
which cannot be leferred to the action of known physical or 
chemical laws, and which, therefore, temporarily at any rate, 
we must term “ vitd.** 

Whilst the nature of life thus does not admit of rigid defini- 
tion, we find that the phenomena of vitality can only be mani- 
fested under certain conditions^ some of these being intrinsic 
and indispensable, whilst others are extrinsic^ and not in them- 
selves, or collectively, essential. 

The only irtrinsic condition of life appears to be the exist- 
ence of a special physical basis, as it has been termed. We 
do not find, lamely, that the phenomena of vitality can be 
manifested by any and every form of matter. On the contrary, 
and as might have been expected upon a priori grounds, all 
living bodies appear to be composed of a special substance, 
which is the naterial basis of life, and which seems to be sub- 
stantially ideitical in all alike. No living body is throughout 
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composed of this living basis, but all contain a greater or 
smaller amount of other materials, which are in one sense 
dead. The real phenomena of vitality are conditioned, there- 
fore, by certain special portions of the organism, which are 
alone formed of this living matter ; and this matter in chemical 
composition and physical characters appears to be identical in 
all living beings whether animal or vegetable. To this physical 
basis the names of protoplasm ” or “ bioplasm ” are applied. 
The lowest organisms consist of little else but simple unmodi- 
fied protoplasm ; but even in the most complex organisms it 
can be shown that their essential parts, in which alone vitality 
is inherent, are similarly composed of protoplasmic matter. 

As regards its nature, protoplasm, though capable of forming 
the most complex structures, does not necessarily exhibit any- 
thing which can be looked upon as organisation, or differentia- 
tion into distinct parts ; and its chemical composition is the 
only constant which can be approximately stated. It consists, 
namely, in all its forms, of the four elements, carbcn, hydrogen, 
oxygen, and nitrogen, united into a proximate compound to 
which Mulder applied the name of “ proteine,'* and which is 
very nearly identical with albumen or white-of egg. It further 
appears probable that all forms of protoplasm can be made to 
contract by means of electricity, and “ are liable to undergo 
that peculiar coagulation at a temperature of 40° 50° centigrade, 
which has been called ‘ heat-stiffening* ” (Huxley). As viewed 
under the microscope, protoplasm presents itself as a clear 
viscous, semi-fluid substance, which is commonly rendered 
granular by the presence of disseminated particles of fatty 
matter, and which is deeply stained by immersion in a solu- 
tion of carmine. 

In addition to the physical and chemical properties of proto- 
plasm, many writers are in the habit of speaking of the vital 
properties ** of this substance. These so-called “ vital proper- 
ties ” are necessarily the same as those maniftsted by living 
beings in general, and consist in the power exhibited by living 
protoplasm of assimilating foreign matter, of repioducing itself 
by the detachment of portions of its substance, tnd of having 
certain relations with the world outside itself. A> regards the 
last of these points, protoplasm, in its living state, when uncon- 
fined by any rigid wall or outer envelope, possessts the power 
of throwing out longer or shorter prolongations or processes 
of its own substance (‘‘pseudopodia’*), by mean^ of which it 
can obtain food, or, if free, move about. Even in vegetable 
cells, where a rigid cell-wall is as a rule present, th^ protoplasm 
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in the interior is often capable of rotation as a whole, or of 
exhibiting an active circulation of granules similar to that ob- 
served in many masses of animal protoplasm. Moreover, the 
researches of Mr Francis Darwin have shown that the cells of 
the glandular hairs of the Common Teasel {Dipsacus sylvestris) 
emit mobile filaments of protoplasm quite similar to the “ pseu- 
dopodia ” of many of the lower animals ; while wall-less masses 
of protoplasm, capable of emitting pseudopodia, are met with 
in the life-history of some of the lower plants. 

In speaking, however, of the power of nutrition and repro- 
duction, or of the power of emitting pseudopodia, or of exhib- 
iting irritability as being vital properties ** of protoplasm, a 
fallacious mode of reasoning is employed. These powers 
belong to living protoplasm, and it remains to be shown that 
they are even potentially present in dead protoplasm — as pro- 
toplasm, At any rate, they stand in a different category to the 
physical and chemical ‘‘properties” of protoplasm, since we 
must suppose these to be invariably and constantly present in 
protoplasm, whether alive or dead ; unless we are to deny that 
protoplasm is a definite compound at all. 

Apart from this, however, we may admit that protoplasmic 
matter’*^ is “the formal basis of all life” (Huxley); and that 
the phenomena of vitality cannot be manifested save through 
the vehicle of protoplasm. Nevertheless, there remain certain 
conditions equally indispensable to the external manifesta- 
tion of vital phenomena; though life itself, or the power of 
exhibiting vital phenomena, may be preserved for a longer 
or shorter period, even though these conditions be absent. 
These extrinsic of vitality firstly^ a certain tem- 

perature varying from near the freezing-point to 120° or 130®; 
secondlyy the presence of water, which enters largely into the 
composition of all living tissues; thirdly y the presence of 
oxygen in a free state, though some of the lower forms of 
vegetable life are capable of existing in an atmosphere devoid 
of oxygen. 

The higher manifestations of life are not, as a general rule, 
possible unless all the extrinsic conditions just mentioned are 
carried out, and the non-fulfilment of any of them generally 

* It has not yet been shown that the living matter which we designate 
by the convenient term of ** protoplasm ” has universally and in all cases 
a constant and undeviating chemical composition ; and there is, indeed, 
reason to believe that this is not the case. It is also certain that there are 
other materials, the exact use of which we do not at present know, which 
are absolutely essential to the maintenance of life, probably even in its 
humblest manifestations. 
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causes death; but there are some notable exceptions to this 
statement. Thus, life may remain in a dormant or ‘‘ potential 
condition for an apparently indefinite time, as exhibited by the 
great tenacity of life, even under unfavourable circumstances, 
exhibited by the ova of some animals and the seeds of many 
plants, A still more striking example of this is afforded by the 
minute microscopic animals known as the Rotifers of Wheel- 
animalcules. These little creatures are aquatic in their habits ; 
and diminutive as they are, they are, nevertheless, comparatively 
speaking, of a very high grade of organisation. They possess 
a mouth, masticatory organs, a stomach and alimentary canal, 
a distinct and well-developed nervous system, a differentiated 
reproductive apparatus, and even organs of vision. Repeated 
experiments, however, have shown the remarkable fact that, 
with their aquatic habits and complex organisation, the Roti- 
fers are capable of submitting to an apparently indefinite de- 
privation of the necessary conditions of their existence, without 
thereby losing their vitality. They may be dried and reduced 
to all appearance to dust, and may be kept in this state for a 
period of years ; nevertheless, the addition of a little water will 
at any time restore them to their pristine vigour and activity. 
It follows, therefore, that an organism may be deprived of all 
power of manifesting any of the phenomena which constitute 
what we call life, without losing its hold upon the vital forces 
which belong to it. 

Again, the vital resistance of the lowest organisms to changes 
of temperature, seems to be in some cases much wider than 
that stated above as generally true. Thus, the microscopic 
organisms known as “ vibrios ” are stated to survive exposure 
to a temperature of 300'’ F., and to be wholly unaffected by 
being frozen ; whilst Dallinger and Drysdale have shown that 
the germs of monads will survive exposure to temperatures of 
from 280° to 300° F. The presence of oxygen in a free state, 
too, though essential to the higher forms of life, does not 
appear to be necessary in the case of some of the lower ; since 
vibrios and bacteria appear to carry on a vigorous life in an 
atmosphere of carbonic acid gas. Lastly, there are certain 
conditions, such as the presence of sun-light, which are essen- 
tial for the maintenance of life as a whole, though by no means 
necessarily demanded for the life of individuals. Thus, vege- 
table life is as a whole dependent upon sun-light, and though 
animals can subsist in darkness, animal life is in reality de- 
pendent upon plant-life, so that the total absence of the sun 
would extinguish all life whatever. 
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The only other condition of life which need be noticed is 
the presence of “organisation'’ in living bodies; and the im- 
portance of this has been greatly reduced by the progress of 
modern science. All the higher forms of life are “ organised," 
— that is to say, they possess distinct parts or “ organs," which 
have certain definite relations to one another, and which dis- 
charge certain definite offices or “ functions.” The protoplasmic 
and actually living portions even of these, however, appear, 
under the highest powers of the microscope, to be destitute of 
any recognisable structure^ and are therefore not “ organised.” 
Moreover, many of the lowest forms of life (such as the Fora- 
minifera amongst the Protozoa) fail to fulfil one of the most 
essential conditions of organisation, being mostly or wholly 
devoid of definite parts or organs. Nevertheless, they are 
capable of manifesting all the essential phenomena of life ; they 
are produced from bodies like themselves; they eat, digest, 
and move, and exhibit distinct sensibility to many external im- 
pressions. Furthermore, many of these little masses of struc- 
tureless jelly possess the j^ower of manufacturing for them- 
selves, of lime, or of the still more intractable Hint, external 
shells of surpassing beauty and mathematical regularity. In 
the face of these facts we are therefore compelled to come to 
the conclusion that life is really the cause and not the conse- 
quence of organisation ; or, in other words, that organisation is 
not an intrinsic and indispensable condition of vital phenomena. 
While it is generally admitted that “ organisation," in the ordi- 
nary acceptation of this term, is not essential to the manifesta- 
tion of vitality, there are high authorities who consider that 
the great differences in the vital phenomena of different or- 
ganisms are due to differences in the “molecular complexity” 
of the protoplasm forming the bodies of these. Apart, how- 
ever, from the fact that such differences in “ molecular com- 
plexity” are, and must remain, hypothetical, this view can 
hardly be regarded otherwise than as a revival, in another form, 
of the theory that vital phenomena are the result of the or- 
ganisation of the living body; since “molecular complexity” 
is only “organisation,” with the “organs" so minute as to 
evade the highest powers of the microscope. 

As to the precise relations which subsist between the “ phy- 
sical basis of life ” and the phenomena of vitality, it is held by 
some that “life” is one of the properties of the albuminous 
body which we term protoplasm. On this view, life is a form 
of energy or motion, due simply to molecular movements tak- 
ing place in the ultimate molecules of the protoplasm, and 
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capable of correlation with the ordinary physical or chemical 
forces. It cannot, however, be said that this view has as yet 
received a scientific demonstration. On the other hand, it 
seems safer, with our present knowledge, to believe that proto- 
plasm is simply the necessary material basis or vehicle through 
which vital force is manifested, though we are still unable to 
speak with any positiveness as to the precise nature of the 
forces which are the fundamental causes of life. 

If, in conclusion, it be asked whether the term “ vital force 
is any longer permissible in the mouth of a scientific man, the 
question must, in the meanwhile, be answered in the affirma- 
tive. Formerly, no doubt, the progress of science was retarded 
and its growth checked by a too exclusive reference of natural 
phenomena to a so-called vital force. Equally unquestionable 
is the fact that the development of biological science has pro- 
gressed contemporaneously with the successive victories gained 
by the physicists over the vitalists. Still, no physicist has 
hitherto succeeded in explaining any fundamental vital phe- 
nomenon upon purely physical and chemical principles. The 
simplest vital phenomenon has in it something over and above 
the merely chemical and physical forces which we can demon- 
strate in the laboratory. It is easy, for example, to say that 
the action of the gastric juice is a chemical one, and doubt- 
less the discovery of this fact was a great step in physiological 
science. Nevertheless, in spite of the most searching inves- 
tigations, it is certain that digestion presents phenomena which 
are as yet inexplicable upon any chemical theory. This is ex- 
emplified in its most striking form, when we look at a simple 
organism like the Amoeba. This animalcule, which is struc- 
turally little more than a mobile lump of semi-fluid protoplasm, 
digests as perfectly — as far as the result to itself is concerned — 
as does the most highly organised animal with the most complex 
digestive apparatus. It takes food into its interior, it digests 
it without the presence of a single organ for the purpose; 
and, still more, it possesses that inexplicable selective power 
by which it assimilates out of its food such constituents as it 
needs, whilst it rejects the remainder. In the present state of 
our knowledge, therefore, we must conclude that even in the 
process of digestion, as exhibited in the Amoeba, there is some- 
thing that is not merely physical or chemical. Similarly, any 
organism when just dead, consists of the same protoplasm as 
before, in the same forms, and with the same arrangement; 
but it has most unquestionably lost a something by which all its 
properties and actions were modified, and some of them were 
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produced. What that something is, we do not know, and 
perhaps never shall know; and it is possible, though highly 
improbable, that future discoveries may demonstrate that it 
is merely a subtle modification of some physical force. In 
the meantime, as all vital actions exhibit this mysterious some- 
thing, it would appear un philosophical to ignore its existence 
altogether, and the term “ vital force ” may therefore be retained 
with advantage. In using this term, however, it must not be 
forgotten that we are simply employing a convenient expres- 
sion for an unknown quantity, for that residual portion of every 
vital action which cannot at present be referred to the opera- 
tion of any known physical force. 

It must, however, also be borne in mind that this residuum 
is probably not to be ascribed to our ignorance, but that it has 
a real existence. It appears, namely, in the highest degree 
probable that every vital action has in it something which is 
not merely physical and chemical, but which is conditioned by 
an unknown force, higher in its nature and distinct in kind as 
compared with all other forces. The presence of this ‘‘ vital 
force may be recognised even in the simplest phenomena of 
nutrition; and no attempt even has hitherto been made to 
explain the phenomena of reproduction by the working of any 
known physical or chemical force. 


5. Differences between Animals and Plants. 

We have now arrived at some definite notion of the essential 
characters of living beings in general, and we have next to con- 
sider what are the characteristics of the two great divisions of 
the organic world. What are the characters which induce us 
to place any given organism in either the vegetable or the 
animal kingdom? What, in fact, are the diftercnces between 
animals and plants? 

It is generally admitted that all bodies which exhibit vital 
phenomena are capable of being referred to one of the two 
great kingdoms of organic nature. At the same time it is 
often extremely difficult in individual cases to come to any 
decision as to the kingdom to which a given organism should 
be referred, and in many cases the determination is purely 
arbitrary. So strongly, in fact, has this difficulty been felt, 
that some observers have established an intermediate kingdom, 
a sort of no-man’s-land for the reception of those debatable 
organisms which cannot be definitely and positively classed 
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either amongst vegetables or amongst animals. Thus, Dr 
Ernst HjEckel has proposed to form an intermediate kingdom, 
which he calls the Regnum Frotistiam, for the reception of all 
doubtful organisms. Even such a cautious observer as Dr 
Rolleston, whilst questioning the propriety of this step, is 
forced to conclude that “there are organisms which at one 
period of their life exhibit an aggregate of phenomena such as 
to justify us in speaking of them as animals, whilst at another 
they appear to be as distinctly vegetable.’^ 

In the case of the higher animals and plants, there is no 
difficulty ; the former being at once distinguished by the 
possession of a nervous system, of motor power which can be 
voluntarily exercised, and of an internal cavity fitted for the 
reception and digestion of solid food. The higher plants, on 
the other hand, possess no nervous system or organs of sense, 
are incapable of independent locomotion, and are not provided 
with an internal digestive cavity, their food being wholly fluid 
or gaseous. These distinctions, however, do not hold good as 
regards the lower and less highly organised members of the 
two kingdoms, many animals having no nervous system or 
internal digestive cavity, whilst many plants possess the power 
of locomotion ; so that we are compelled to institute a closer 
comparison in the case of these lower forms of life, 

a. Form . — As regards external configuration, of all charac- 
ters the most obvious, it must be admitted that no absolute 
distinction can be laid down between plants and animals. 
Many of our ordinary zoophytes, such as the Hydroid Polypes, 
the Sea-shrubs and Corals — as, indeed, the name zoophyte 
implies — are so similar in external appearance to plants that 
they were long described as such. Amongst the Molluscoida, 
the Common Sea-mat (Flustra) is invariably regarded by sea- 
side visitors as a sea-weed. Many of the Protozoa are equally 
like some of the lower plants (Protophyta) ; and even at the 
present day there are not wanting those who look upon the 
sponges as belonging to the vegetable kingdom. On the other 
hand, the embryonic forms, or “zoospores,” (fig. i, a and b) 
of certain undoubted plants (such as the Protococcus nivalis, 
Vaucheria, &c.), are provided with ciliated processes with 
which they swim about, thus coming so clo.sely to resemble 
some of the Infusorian animalcules as to have been referred to 
that division of the Protozoa. 

b. Internal Structure, — Here, again, no line of demarcation 
can be drawn between the animal and vegetable kingdoms. In 
this respect all plants and animals are fundamentally similar, 



DIFFERENCES BETWEEN ANIMALS AND PLANTS. 1 5 


being alike composed of molecular, cellular, and fibrous 
tissues. 

c. Chemical Composition. — Plants, speaking generally, exhibit 
a preponderance of ternary compounds of carbon, hydrogen, 
and oxygen — such as starch, cellulose, and sugar — whilst 
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nitrogenised compounds enter more largely into the compo- 
sition of animals. Still both kingdoms contain identical or 
representative compounds, though there may be a difference 
in the proportion of these to one another. Moreover, the 
most characteristic of all vegetable compounds — viz., cellulose 
— has been detected in the outer covering of the Sea-squirts, 
or Ascidian Molluscs; and the so-called “glycogen,'’ which is 
secreted by the liver of the Mammalia, is closely allied to, if 
not absolutely identical with, the hydrated starch of plants. 
As a general rule, however, it may be stated that the presence 
in any organism of an external envelope of cellulose raises a 
strong presumption of its vegetable nature. In the face, how- 
ever, of the facts above stated, the presence of cellulose can- 
not be looked upon as absolutely conclusive. Another highly 
characteristic vegetable compound is chlorophyll., the green 
colouring - matter of plants. Any organism which exhibits 
chlorophyll in any quantity, as a proper element of its tissues, 
is most probably vegetable. As in the case of cellulose, how- 
ever, the presence of chlorophyll cannot be looked upon 
as a certain test, since it occurs normally in certain un- 
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doubted animals Stentor^ amongst the Infusoria^ and the 
Hydra viridis^ or the green Ffesh-water Polype, amongst the 
Ccdlmterata), 

d. Motor Po7ver, — This, though broadly distinctive of ani- 
mals, can by no means be said to be characteristic of them. 
Thus, many animals in their mature condition are perma- 
nently fixed, or attached to some foreign object; and the em- 
bryos of many plants, together with not a few adult forms, are 
endowed with locomotive power by means of those vibratile, 
hair-like processes which are called ‘‘ cilia,” and are so char- 
acteristic of many of the lower forms of animal life. Not only 
is this the case, but large numbers of the lower plants, such as 
the Diatoms and Desmids, exhibit throughout life an amount 
and kind of locomotive power which does not admit of 
being rigidly separated from the movements executed by 
animals, though the closest researches have hitherto failed to 
show the mechanism whereby these movements are brought 
about. 

e. Nature of the Food. — AYhilst all the preceding points have 
failed to yield a means of invariably separating animals from 
plants, a distinction which holds good almost without excep- 
tion is to be found in the nature of the food taken respectively 
by each, and in the results of the conversion of the same. 
The unsatisfactory feature, however, in this distinction is this, 
that even if it could be shown to be, theoretically, invariably 
true, it would nevertheless be practically impossible to apply 
it to the greater number of those minute organisms concern- 
ing which alone there can be any dispute. 

As a broad rule, all plants are endowed with the power of 
converting inorganic into organic matter. The food of plants 
consists of the inorganic compounds, carbonic acid, ammonia, 
and water, along with small quantities of certain mineral .salts. 
From these, and from these only, plants are capable of elabo- 
rating the proteinaceous matter or protoplasm which consti- 
stutes the physical basis of life. Plants, therefore, take as food 
very simple bodies, and manufacture them into much more 
complex substances. In other words, by a process of deoxida- 
tion or unburning, rendered possible by the influence of sun- 
light only, plants convert the inorganic or stable elements — 
ammonia, carbonic acid, water, and certain mineral salts — into 
the organic or unstable elements of food. The whole problem 
of nutrition may be narrowed to the question as to the modes 
and laws by which these stable elements are raised by the vital 
chemistry of the plant to the height of unstable compounds. 
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To this general statement, however, an exception must be 
made in favour of certain Fungi, which require ready-made 
organic matter for their nourishment. There are also certain 
plants (such as the Sun-dew and the Venus’ Fly-trap) which 
live to some extent upon animal food. 

On the other hand, no known animal possesses the power 
of converting inorganic compounds into organic matter, but 
all, mediately or immediately, are dependent in this respect 
upon plants. All animals, as far as is certainly known, require 
ready-made proteinaceous matter for the maintenance of exist- 
ence, and this they can only obtain in the first instance from 
plants. Animals, in fact, differ from plants in requiring as food 
complex organic bodies which they ultimately reduce to very 
much simpler inorganic bodies. The nutrition of animals is 
a process of oxidation or burning, and consists essentially in 
the conversion of the energy of the food into vital work ; this 
conversion being effected by the passage of the food into living 
tissue. Plants, therefore, are the great manufacturers in nature, 

animals are the great consumers. 

I'lierc remain to be noticed two distinctions, broadly though not uni- 
versally applicable, which are due to the nature of the food required re- 
spectively by animals and plants. In the first place, the food of all plants 
consists partly of gaseous matter, and partly of matter held in solution. 
They reejuire, therefore, no special aperture for its admission, and no in- 
ternal cavity for its reception. The focKl of almost all animals consists of 
soliil particles, and they are therefore usually provided with a mouth and 
a distinct digestive cavity. Some animals, however, such as the tape- 
worms and the (iregarina*, live entirely by the imbibition of organic fluids 
through the general surface of the body, and many have neither a distinct 
mouth nor stomach. 

Secondly, plants decompose carbonic acid, retaining the carbon and set- 
ting free the oxygen, certain fungi forming an exception to this law. The 
reaction of plants U])on the atmosphere is therefore characterised by the 
production of free oxygen. Animals, on the other hand, absorb oxygen 
and emit carlKUiic acirl, so that their reaction upon the atmosphere is the 
reverse of that of plants Jtnd is characterised by the production of car- 
bonic acid. 

Finally, it is worthy of notice that it is in their lower and not in their 
higher developments that the two kingdoms of organic nature approach 
one another. No difficulty is experienced in separating the higher animals 
from the higher ])lants, and, for these, universal laws can be laid down to 
which there is no exception. It might, not unnaturally, have been thought 
that the lowest classes of animals would exhibit most affinity to the highe'^t 
]dants, and that thus a gradual passage between the two kingdoms wouhl 
i)e established. This is not the case, however. The lower animals are 
not allied to the higher plants, but to the lower ; and it is in the very 
lowest members of the vegetable kingdom, or in the embryonic and im- 
mature forms of plants little higher in the scale, that we find such a de- 
cided animal gift as the power of independent locomotion. It is also in 
the less highly organised and less .specialised forms of plants that we find 
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the chief departures from the great laws of vegetable life, the deviation 
being in the direction of the laws of animal life. 


6. Morphology and Physiology. 

The next point which demands notice relates to the nature 
of the differences between one animal and another, and the 
question is one of the highest importance. Every animal — 
as every plant — may be regarded from two totally distinct, 
and, indeed, often apparendy opposite, points of view. F>om 
the first point of view we have to look simply to the laws, 
form, and arrangement of the stmdures of the organism ; in 
short, to its external shape and internal structure. This con- 
stitutes the science of morphology (/xop</>r;, and A.<^o9, dis- 
course). From the second, we have to study the vital actions 
performed by living beings and the functions discharged by the 
different parts of the organism. This constitutes the science 
of physiology. 

A third department of zoology is concerned with the rela- 
tions of the organism to the external conditions under which 
it is placed, constituting a division of the science to which the 
term ^^distribution ” is applied. 

Morphology, again, not only treats of the structure of living 
beings in their fully -developed condition (anatomy), but is 
also concerned with the changes through which every living 
being has to pass before it assumes its mature or adult charac- 
ters (embryology or development). The term histology” is 
further employed to designate that branch of morphology which 
is specially occupied with the investigation of minute or micro- 
scopical tissues. 

Physiology treats of all the functions exercised by living 
bodies, or by the various definite parts or organs, of which 
most animals are composed. All these functions come under 
three heads: — r. Functions of Nutrition^ divisible into func- 
tions of absorption and metamorphosis, comprising those func- 
tions which are necessary for the growth and maintenance of 
the organism. 2. Functions of Reproduction, whereby the per- 
petuation of the species is secured. 3. Functions of Correlation, 
comprising all those functions (such as sensation and voluntary 
motion) by which the external world is brought into relation 
with the organism, and the organism in turn reacts upon the 
external world. 

Of these three, the functions of nutrition and reproduction 
are often collectively called the functions of organic or vege- 
tative life, as being common to animals and plants ; while the 
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functions of correlation arc called the animal functions, as 
being more especially characteristic of, though not peculiar to, 
animals. 

7. Differences between different Animals. 

All the innumerable diftercnces which subsist between dif- 
ferent animals may be classed under two heads, corresponding 
lo the two aspects of every living being, morphological and 
physiological. One animal differs from another either viorpho- 
in the fundamental j)oints of its structure ; or physio- 
in the manner in which the vital functions of the 
organism are discharged. These constitute the only modes in 
which anyone animal can differ from any other; and they may 
be considered respectively under the heads of Specialisation of 
Function anti Morphological type. 

a. Spiriaiisdtion of Function . — All animals alike, whatever 
their structure may be, perform the three great physiological 
functions ; that is to say, they all nourisli themselves, repro- 
diK'e their like, anti have certain relations with the e.xternal 
world. They diher from one another ])hysiologically in the 
manner in which these functions are performed. Indeed, it is 
only in the functions of correlation that it is possible that there 
should be any ditference in the amount or perfection of the 
function performed by the organism, since nutrition and repro- 
duction, as far as their results are concerned, are essentially the 
same in all animals. In the manner, however, in which the 
same results are brought about, great differences are observable 
in different animals. T'he nutrition of such a simple organism 
as the Amceba is, indeed, performed perfectly, as hir as the 
result to the animal itself is concerned — as perfectly as in the 
case of the highest animal — but it is performed with the simplest 
l)ossible apparatus. It may, in fact, be said to be performed 
without any special apparatus, since any part of the surface of 
the body may be extemporised into a mouth, and there is no 
differentiated alimentary cavity. And not only is the nutritive 
apparatus of the simplest character, but the function itself is 
ecpially simple, and is entirely divested of those complexities 
and separations into secondary functions which characterise 
the process in the higher animals. It is the same, too, with 
the functions of reproduction and correlation ; but this point 
will be more clearly brought out if we examine the method in 
which one of the three primary functions is performed in two 
or three examples. Nutrition, as the simplest of the functions, 
will best answer the purpose. 
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In the simpler Protozoa, such as the Amoeba, the process 
of nutrition consists essentially in the reception of food, its 
digestion within the body, the excretion of effete or indigestible 
matter, and the distribution of the nutritive fluid through the 
body. The first three portions of this process are effected with- 
out any special organs for the purpose, and for the last there is 
simply a rudimentary contractile cavity. Respiration, if it can 
be said to exist at all as a distinct function, is simply effected 
by the general surface of the body. 

In a Coelenterate animal, such as a sea-anemone, the func- 
tion of nutrition has not advanced much in complexity, but 
the means for its performance are somewhat more specialised. 
Permanent organs of prehension (tentacles) are present, there 
is a distinct mouth, and there is a persistent internal cavity for 
the reception of the food; but this is not shut off from the 
general cavity of the body, and there are no distinct circulatory 
or respiratory organs. 

In a Mollusc, such as the oyster, nutrition is a much more 
complicated process. There is a distinct mouth, and an ali- 
mentary canal which is shut off from the general cavity of the 
body, and is provided with a separate aperture for the excre- 
tion of effete and indigestible matters. Digestion is performed 
by a distinct stomach with accessory glands ; a special contrac- 
tile cavity, or heart, is provided for the propulsion of the nutri- 
tive products of digestion through all parts of the organism ; 
and the function of respiration is performed by complex organs 
specially adapted for the purpose. 

It is not necessary here to follow out this comparison 
further. In still higher animals the function of nutrition 
becomes still further broken up into secondary functions, for 
the due performance of which special organs are provided, the 
complexity of the organism thus necessarily increasing pari 
passu with the complexity of the function. This gradual sub- 
division and elaboration is carried out equally with the other 
two physiological functions — viz., reproduction and correlation 
— and it constitutes, what is technically called the “ specialisa- 
tion of function,” though it has been more happily termed by 
Milne-Edwards the principle of the physiological division of 
labour.” It is needless, however, to remark that in the higher 
animals it is the functions of correlation which become most 
highly specialised — disproportionately so, indeed, when com- 
pared with the development of the nutritive and reproductive 
functions. 

A Morphological Type. — The first point in which one 
animal may differ from another is the degree to which the 
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principle of the physiological division of labour is carried. 
I'he second point in which one animal may differ from another 
is in its “ morphological type ; ’* that is to say, in the funda- 
mental plan upon which it is constructed. By one not specially 
acquainted with the subject it might be readily imagined that 
each species or kind of animal was constructed upon a plan 
})eculiar to itself and not shared by any other. This, how- 
ever, is far from being the case; and it is now universally 
recognised that all the varied species of animals — however 
great the apparent amount of diversity amongst them — may be 
arranged under no more than half-a-dozen primary morphologi- 
('al types or plans of structure. Upon one or other of these six 
(or perhaps seven) plans every known animal, w’hether living or 
extinct, is constructed. It follows from the limited number 
of primitive types or patterns, that great numbers of animals 
must agree with one another in their morphological type. It 
follows, also, that all so agreeing can differ from one another 
only in the sole remaining element of the question — namely, 
by the amount of specialisation of function which they exhibit. 
Every animal, therefore, as Professor Huxley has well expressed 
it, is the resultant of two tendencies, the one morphological, 
the other physiological. 

The six types or plans of structure, upon one or other of 
which all known animals have been constructed, are techni- 
cally called sub-kingdoms,^* and are known by the names Pro- 
tozoa, C(jelenterata, Echinodermata, Annulosa, Mollusca, and 
Vertebrata. We have, then, to remember that every member 
of each of these primary divisions of the animal kingdom 
agrees with every other member of the same division in being 
formed upon a certain definite plan or type of structure, and 
differs from every other simply in the grade of its organisation, 
or, in other words, in the degree to which it exhibits specialisa- 
tion of function. 

Von Baer*s Law of Development. — As the study of living 
beings in their adult condition shows us that the differences 
between those which are constructed upon the same morpho- 
logical type depend upon the degree to which specialisation 
of function is carried, so the study of development teaches 
us that the changes undergone by any animal in passing from 
the embryonic to the mature condition are due to the same 
cause. All the members of any given sub-kingdom, when 
examined in their earliest embryonic condition, are found to 
]:)resent the same fundamental characters. As development 
j)roceeds, however, they diverge from one another with greater 
or less rapidity, until the adults ultimately become more or 
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less different, the range of possible modification being ap- 
parently almost illimitable. The differences are due to the 
different degrees of specialisation of function necessary to 
perfect the adult; and therefore, as Von Baer put it, the pro- 
gress of dei’elopmcnt is from the general to the special. 

It is upon a misconception of the true import of this law 
that the theory arose, tliat every animal in its development 
passed through a series of stages in which it resembles, in turn, 
the different inferior members of the animal scale. With 
regard to man, standing at the top of the whole animal 
kingdom, this theory has been expressed as follows : “Human 
organogenesis is a transitory comparative anatomy, as, in its 
turn, comparative anatomy is a fixed and permanent state of 
the organogenesis of man'' (Serres). In other words, the 
embryo of a Vertebrate animal was believed to pass through a 
series of changes corresponding respectively to the permanent 
types of the lower sub-kingdoms — namely, the Protozoa, C(elen- 
terata, Echinodermata, Annulosa, and Mollusca — before finally 
assuming the true vertebrate characters. Such, however, is not 
truly the case. The ovum of every animal is from the first 
impressed with the power of developing in one direction only, 
and very early exhibits the fundamental characters proper 
to its sub-kingdom, never presenting the structural peculiari- 
ties belonging to any other morphological type. Neverthe- 
less, the differences which subsist between the members of 
each sub-kingdom in their adult condition are truly referable 
to the degree to which development proceeds, the ])lace of 
each individual in his own sub-kingdom being regulated by the 
stage at which development is arrested. Thus, many cases 
are known in which the younger stages of a given animal 
represent the permanent adult condition of an animal some- 
what lower in the scale. To give a single example, the young 
Gasteropod (amongst the Mollusca) transiently presents all the 
essential characters which permanently distinguish the adult 
Pteropod. The development of the Gasteropod, however, pro- 
ceeds beyond this point, and the adult is much more highly 
specialised than is the adult Pteropod. 

The theory of development held by the supporters of the 
doctrine of Evolution is best expre.ssed in the words of Prof. 
Haeckel. According to this eminent naturalist, “ Ontogenesis 
(or the development of the individual) “ is the brief and rapid 
recapitulation of phylogenesis” (or the development of the 
species) “governed by the physiological functions of transmis- 
sion (reproduction) and nutrition (adaptation). 7'he organic' 
individual, during the rapid and brief course of its individual 
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development, repeats the most important of those changes of 
form which its ancestors have passed through during the long 
and gradual course of their palaeontological development, in 
accordance with the laws of transmission and adaptation.” 

8. Homology, Analogy, and Homomorphism. 

When organs in different animals agree with one another in 
fundamental structure^ they are said to be ‘‘ homologous ; ” 
when they perform the same functions they are said to be 
“analogous.” Thus the wing of a bird and the arm of a man 
are constructed upon the same fundamental plan, and they 
are therefore homologous organs. They are not analogous, 
however, since they do not perform the same function, the 
one being adapted for aerial locomotion, the other being an 
organ of prehension. On the other hand, the wings of a bird 
and the wings of an insect both serve for flight, and they are 
therefore analogous, since they perform the same function. 
They are not homologous, however, as they are constructed 
upon wholly dissimilar plans. There are numerous cases, 
however, in which organs correspond with one another both 
structurally and functionally, in which case they are both 
homologous and analogous. 

A form of homology is often seen in a single animal in which 
there exists a succession of parts which are fundamentally 
identical in structure, but are variously modified to fulfil dif- 
ferent functions. Thus a Crustacean — such as the lobster — 
may be looked upon as being composed of a succession of 
rings, each of which bears a pair of appendages, these appen- 
dages being constructed upon the same type, and being there- 
fore homologous. They are, however, variously modified in 
different regions of the body to enable them to fulfil special 
functions, some being adapted for swimming, others for walk- 
ing, others for prehension, others for mastication, and so on. 
This succession of fundamentally similar parts in the same 
animal constitutes what is known as serial homology. When, 
however, the successive parts are similar to one another, both 
in structure and in function, the case becomes rather one of 
what is called “vegetative” or “irrelative repetition.^^ An ex- 
cellent instance of this is seen in the common Millipede (lulus). 

Homomorphism . — Many examples occur, both among animals 
and among plants, in which families widely removed from one 
another as to their fundamental structure, nevertheless pre- 
sent a singular, and sometimes extremely close, resemblance 
in their external characters. 7'hus the composite Hydroid 
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Zoophytes and the Polyzoa are singularly like one another — 
so much so, that they have often been classed together ; 
whereas, in reality, they belong to different sub -kingdoms. 
Many other cases of this resemblance of different animals 
might be adduced, and in many cases these ‘‘ representative 
forms ” appear to be able to fill each other's places in the 
general economy of nature. This is so far true, at any rate, 
that “ homomorphous ” forms are generally found in different 
parts of the earth’s surface. Thus, the place of the Cacti of 
South America is taken by the Euphorbioe of Africa; or, to 
take a zoological illustration, many of the different orders of 
Mammalia are represented in the single order Marsupialia in 
Australia, in which country this order has almost alone to dis- 
charge the functions elsewhere performed by several orders. 
Many homomorphous forms, however, live peacefully side by 
side, and it is difficult to say whether in this case the resem- 
blance between them is for the advantage or for the disadvan- 
tage of either. In other cases we find certain animals putting 
on the external characters of certain other animals, to which 
they may be closely related, or from which they may be widely 
separated in zoological position. Such cases are said to be 
examples of ‘‘mimicry," and such animals are said to be 
“mimetic." Excellent examples of this may be found amongst 
certain Butterflies, or in the close resemblance of the clear- 
winged Moths to Bees and Hornets. In all these cases it 
appears that the mimetic species is protected from some 
enemy by its outward similarity to the form which it mimics. 
Finally, there are numerous cases in which animals resemble 
certain natural objects, and thus greatly diminish their chances 
of being detected by their natural foes. Excellent instances 
of this “protective resemblance ” are afforded by the insects 
known as Walking-leaves {F/iy/liumy fig. 2) and Walking-sticks 
{Fhasmidce\ which respectively present the most singular 
resemblance to leaves and dried twigs. The student, how- 
ever, must carefully guard himself against supposing that the 
term “ mimicry " implies any conscious action on the part of 
the mimetic species ; there being no evidence to support such 
a view. 

9. Correlation of Growth. 

This term is employed by zoologists to express the empirical 
law, that certain structures, not necessarily or usually connected 
together by any visible link, invariably occur in association 
with one another, and never occur apart — so far, at any rate, 
as human observation goes. 
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Thus, all animals which possess two condyles on the occi- 
pital bone, and possess non-nucleated red blood-corpuscles, 
suckle their young. Why an animal with only one condyle 
on its occipital bone should not suckle its young we do not 



know, and perhaps we shall at some future time find mammary 
glands associated with a single occipital condyle. Most of 
these correlations are physiologically difficult of explanation, 
and sometimes even amusing. Thus all, or almost all, male 
cats, which are entirely white and have blue eyes, are at the 
same time deaf. With regard to these and similar generali- 
sations we must, however, bear in mind the following three 
points : — 

1. The various parts of the organisation of any animal are 
so closely interconnected, and .so mutually dependent upon 
one another, both in their growth and development, that the 
characters of each must be in some relation to the characters 
of all the rest, whether this be obviously the case or not. 

2. It is rarely possible to assign any reason for correlations 
of structure, though they are certainly in no case accidental. 
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3. The law is a purely empirical one, and expresses nothing 
more than the result of experience ; so that structures which 
we now only know as occurring in association, may ultimately 
be found dissociated, and conjoined with other structures of a 
different character. 


10. Classification. 

Classification is the arrangement of a number of diverse 
objects into larger or smaller groups, according as they exhibit 
more or less likeness to one another. The excellence of any 
given classification will depend upon the nature of the points 
which are taken as determining the resemblance. Systems of 
classification, in which the groups are founded upon mere ex- 
ternal and superficial points of similarity, though often useful 
in the earlier stages of science, are always found in the long- 
run to be inaccurate. It is needless, in fact, to point out that 
many living beings, the structure of which is fundamentally 
different, may nevertheless present such an amount of adap- 
tive external resemblance to one another, that they would be 
grouped together in any artificial’^ classification. Thus, to 
take a single example, the whale, by its external characters, 
would certainly be grouped amongst the fishes, though widely 
removed from them in all the essential points of its structure. 
“ Natural” systems of classification, on the other hand, endea- 
vour to arrange animals into divisions founded upon a due 
consideration of all the essential and fundamental points of 
structure, wholly irrespective of external similarity of form and 
habits. Philosophical classification dei)ends upon a due ap- 
preciation of what constitute the true points of difference and 
likeness amongst animals \ and we have already seen that these 
are morphological type and specialisation of function. Philo- 
sophical classification, therefore, is a formal expression of the 
facts and laws of Morphology and Physiology. It follows that 
the more fully the programme of a philosophical and strictly 
natural classificatipn can be carried out, the more completely 
does it afford a condensed exposition of the fundamental con- 
struction of the objects classified. Thus, if the whale were 
placed by an artificial grouping amongst the fishes, this would 
simply express the facts that its habits are aquatic and its body 
fish-like. When, on the contrary, we obtain a natural classi- 
fication, and we learn that the whale is placed amongst the 
Mammalia, we then know at once that the young whale is 
born in a comparatively helpless condition, and that its 
mother is provided with special mammary glands for its sup- 
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port ; this expressing a fundamental distinction from all fishes, 
and being associated with other equally essential correlations 
of structure. 

The entire animal kingdom is primarily divided into some 
half-a-dozen great plans of structure, the divisions thus formed 
being called “ sub-kingdoms." The sub-kingdoms are, in turn, 
broken up into classes, classes into orders, orders into families, 
families into genera, and genera into species. We shall ex- 
amine these successively, commencing with the consideration 
of a sj)ecies, since this is the zoological unit of which the 
larger divisions are made up. 

Species . — No term is more difficult to define than “ species," 
and on no point are zoologists more divided than as to what 
should be understood by this word. Naturalists, in fact, are 
not yet agreed as to whether the term species expresses a real 
and permanent distinction, or whether it is to be regarded 
merely as a convenient, but not immutable, abstraction, the 
employment of which is necessitated by the requirements of 
classification. 

By Buffon ^‘species" is defined as “a constant succession 
of individuals similar to and capable of reproducing each 
other." 

De Candolle defines species as an assemblage of all those 
individuals which resemble each other more than they do 
others ; and arc able to reproduce their like, doing so by the 
generative process, and in such a manner that they may be 
supposed by analogy to have all descended from a single being 
or a single pair. 

M. de Quatrefages defines species as “an assemblage of 
individuals, more or less resembling one anotlier, which are 
descended, or may be regarded as being descended, from 
a single primitive pair by an uninterrupted succession of 
families." 

Muller defines species as “a living form, represented by 
individual beings, which reappears in the product of generation 
with certain invariable characters, and is constantly reproduced 
by the generative act of similar individuals." 

According to Pritchard, a species is constituted by “ separate 
origin, and distinctness of race, evinced by a constant trans- 
mission of some characteristic i)cculiarity of organi.sation." 

According to Woodward, “ all the specimens, or individuals, 

* In using the term “ individu.il,” it must be borne in mind that the 
“zoological individual” is meant; that is to say, the total result of the 
development of a single ovum, as will hereafter be explained at greater 
length. 
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which are so much alike that we may reasonably believe them 
to have descended from a common stock, constitute a species^ 
From the above definitions it will be at once evident that 
there are two leading ideas in the minds of zoologists when 
they employ the term species ; one of these being a certain 
amount of resemblance between individuals, and the other 
being the proof that the individuals so resembling each other 
have descended from a single pair, or from pairs exactly simi- 
lar to one another. The characters in which individuals must 
resemble one another in order to entitle them to be grouped 
in a separate species, according to Agassiz, “ are only those 
determining size, proportion, colour, habits, and relations to 
surrounding circumstances and external objects.’* 

On a closer examination, however, it will be found that 
these two leading ideas in the definition of species — external 
resemblance and community of descent — are both defective, 
and liable to break down if rigidly applied. Thus, there are 
in nature no assemblages of plants or animals usually grouped 
together into a single species, the individuals of which exactly 
resemble one another in every point. Every naturalist is 
compelled to admit that the individuals which compose any 
so-called species, whether of plants or animals, differ from 
one another to a greater or less extent, and in respects which 
may be regarded as more or less important. The existence 
of such individual differences is attested by the universal 
employment of the terms ‘‘ varieties ” and “ races.” Thus a 
‘‘variety” comprises all those individuals which possess some 
distinctive peculiarity in common, but do not differ in other 
respects from another set of individuals sufficiently to entitle 
them to take rank as a separate species. A “race,” again, is 
simply a permanent or “ perpetuated ” variety. 'Fhe cpiestion, 
however, is this — How far may these differences amongst in- 
dividuals obtain without necessitating their being jdaced in a 
separate species? In other words : How great is the amount 
of individual difference which is to be considered as merely 
“ varietal y' Sind at what exact point do these differences become 
of specijic^^ value? To this question no answer can be given, 
since it depends entirely upon the weight which different 
naturalists would attach to any given individual difference.* 
Distinctions which appear to one observer as sufficiently great 
to entitle the individuals possessing them to be grouped as 

* As an example of this, it is sufficient to allude to the fact that hanlly 
any two botanists agree as to the number of species of Willows and bram- 
bles in the British Isles. What one observer classes as mere varieties, 
another regards as good and distinct species. 
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a distinct species, by another are looked upon as simply of 
varietal value ; and, in the nature of the case, it seems impos- 
sible to lay down any definite rules. To such an extent do 
individual differences sometimes exist in particular genera — 
termed ‘‘protean” or “polymorphic” genera — that the deter- 
mination of the different species and varieties becomes an 
almost hopeless task. 

Besides the individual differences which ordinarily occur 
in all species, other cases occur in which a species consists 
normally and regularly of two or even three distinct forms, 
which cannot be said to be mere varieties, since no inter- 
mediate forms can be discovered. When two such distinct 
forms exist, the species is said to be “ dimorphic,” and when 
three are present, it is called “ trimorphic.” Thus, in dimorphic 
plants a single species is composed of two distinct forms, 
similar to one another in all respects except in their repro- 
ductive organs, the one form having a long pistil and short 
stamens, the other a short pistil with long stamens. In tri- 
morphic plants, the species is composed of three such distinct 
forms, which differ in like manner in the conformation of their 
reproductive organs, though they are otherwise undistinguish- 
able (Darwin). Similar cases are known in animals, but in 
them the differences, though apparently connected with repro- 
duction, are not confined to the reproductive organs. Thus 
the females of certain butterflies normally ap])ear under two 
or three entirely different forms, not connected by any inter- 
mediate links ; and the same thing occurs in some of the 
Crustacea. 

As regards, therefore, the first point in the definition of 
species — namely, the external resemblance of assemblages of 
individuals — we are forced to conclude that no two individuals 
are exactly alike ; and that the amount and kind of external 
resemblance which constitutes a species is not a precise and 
invariable quantity, but depends upon the value attached to 
particular characters by any given observer. 

The second point in the definition of species — namely, com- 
munity of descent — is hardly in a more satisfactory condition, 
since the descent of any given series of individuals from a 
single pair, or from pairs exactly similar to one another, is at 
best but a probability, and is in no case capable of proof. In 
the case of the higher animals, it can doubtless be shown that 
certain assemblages of individuals possess amongst themselves 
the power of fecundation and of producing fertile progeny, and 
that this power does not extend to the fecundation of indi- 
viduals belonging to another different assemblage. Amongst 
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the higher animals, “crosses” or “hybrids” can only be pro- 
duced between closely-allied species, and when produced they 
are sterile, and are not capable of reproducing their like. In 
these cases, therefore, we may take this as a most satisfactory 
element in the definition of “ species.” The sterility, however, 
of hybrids is not universal, even amongst the higher animals ; 
and amongst plants no doubt can be entertained but that 
the individuals of species universally admitted to be distinct 
are capable of mutual fertilisation ; the hybrid progeny thus 
produced being likewise fertile, and capable of reproducing 
similar individuals. That this fertility is often irregular, ancl 
may be destroyed in a few generations, admits of explana- 
tion, and hardly alters the significance of these undoubted 
facts. 

Upon the whole, then, it seems in the meanwhile safest to 
adopt a definition of species which implies no theory, and does 
not include the belief that the term necessarily expresses a 
fixed and permanent quantity. Species, therefore, niviy be 
defined as an asscmblaj^e of individuals lahich resemble each other 
in their essential characters^ are ablt\ directly or indirectly^ to pro- 
duce fertile individuals^ and which do not (as far as human 
observation ^oes) five rise to individuals ivhich vary from the 
general type throufi more than certain definite limits. 'Lhe pro- 
duction of occasional monstrosities does not, of course, invali- 
date this definition. 

Genus is a term applied to groups of species which possess 
a community of essential details of structure. A genus may 
include a single species only, in cases where the combination 
of characters which make up the species are so jieculiar that 
no other species exhibits similar structural characters ; or, on 
the other hand, it may contain many hundreds of specic.s. 

Families are groups of genera which agree in their general 
characters. According to Aga.ssiz, they are divisions founded 
upon peculiarities of “form as determined by structure.” 

Orders are groups of families related to one another by 
structural characters common to all. 

Classes are larger divisions, comprising animals which are 
formed upon the same fundamental plan of structure, but differ 
in the method in which the plan is executed (Agassiz). 

Sub-kingdoms are the primary divisions of the animal king- 
dom, which include all those animals which are formed upon 
the same structural or morphological type, irrespective of the 
degree to which specialisation of function may be carried. 

Impossibility of a Linear Classification. — It has sometimes 
been thought that the animal kingdom can be arranged in a 
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linear series, every member of the series being higher in point 
of organisation than the one below it. As we have seen, how- 
ever, the status of any given animal depends upon two condi- 
tions — one its morphological type, the other the degree to 
which specialisation of function is carried. Now, if we take 
two animals, one of which belongs to a lower morphological 
type than the other, no degree of specialisation of function, 
however great, will ])lace the former above the latter, as far 
as its type of structure is concerned, though it may make the 
former a more liighly organised animal. Evx‘ry Vertebrate 
animal, for example, belongs to a higher morjjhological type 
tlian every Mollusc; but the higher AIolluscs, such as cuttle- 
fishes, are much more highly orginised, as far as their type is 
concerned, than are the lowest Vertebrata. In a linear classi- 
fication, therefore, the cuttle-fishes should be placed above the 
lowest fishes — such as the lancelet — in spite of the fact that 
the type ujion which the latter are constructed is by far the 
higher of the two. 

It is obvious, therefore, that a linear classification is not 
possible, since the higher members of each sub-kingdom are 
more highly organised than the lower forms of the next sub- 
kingdom in the series, at the same time that they are con- 
structed upon a lower morphological type. 

In the words of Professor .Mien 'rhomson, “ It has become 
more and more ajijiarent in the progress of morphological 
research, that the different groups form circles which touch 
one another at certain ])oints of greatest resemblance, rather 
than one continuous line, or even a number of lines which 
partially pass each other.’* In the same way the highest 
vegetables do not approximate to, or graduate into, the lowest 
animals; but ‘‘each kingdom ])resents, as it were, a radiating 
expansion into groups for itself, so that the relations of the 
two kingdoms might be rc])resented by the divergence of lines 
spreading in two clifferent directions from a common point.” 

BiNr.MiAL NoMKN(M.ATiJRK.~Sincc the time of Linnanis it has been 
the practice of naturalists to ilosignate all species by double designations, the 
first part of the title indicating the genus to which the animal belongs, 
whilst the second is the proper or specific title. Tlius the Dog is known 
by the “ binomial ” designation of Cants familiaris. fhe genus"' Cants 
contains other species besides the Dog — such as the Wolf and Jackal — 
but the name familiaris indicates that this title belongs to the Dog and not 
to either of the latter. The genus Canis^ agnin, belongs to the '‘family'" 
Canifie, including other genera, such as the Foxes {J'^ulpes), The family 
Cani(t(Pf further, is one of a number of families, such as the Cats (/c/zV/u*’), 
the Bears {Ursidai), the Ilyicnas {Hyanida)^ &c., which collectively con- 
stitute the order" of the Carnivora or Beasts of Prey. The Carnivora^ 
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again, constitute one of many orders of quadrupeds, which are distinguished 
by suckling their young and by other common characters, and which 
collectively constitute the Mammalia. Finally, the Mammalia 

are united with the classes of the Birds, Reptiles, Amphibians, and Fishes 
to constitute the great primary division or sub^kingdom ” of Verteh'ata 
or “ Vertebrate animals since all these classes agree with one another in 
certain fundamental points of structure. 

Condensing the above, the name of Ca»is familiarise as applied to the 
Dog, implies a large amount of information as to the precise zoological 
position and affinities of the animal. Its title, namely, if expressed in full, 
would indicate its systematic place to be as follows : — 

Sub-kingdom, Vertebrata. 

Class, Afammalia. 

Order, Carnivora. 

Family, Canuicc. 

Genus, Can is. 

Species, Canis familiaris. 


II. Reproduction. 

Reproduction is the process whereby new individuals are 
generated and the perpetuation of the species insured. The 
methods in which this end may be attained exhibit a good 
deal of diversity, but they may be all considered under two 
heads. 

I. Sexual Reproduction . — This consists essentially in the 
production of two distinct elements, a germ-cell or ovum, and 
a sperm -cell or spermatozoid, by the contact of which the 
ovum — now said to be ‘‘ fecundated ” — is enabled to develop 
itself into a new individual. As a rule, the germ-cell is pro- 
duced by one individual (female) and the spermatic element 
by another (male) ; in which case the sexes are said to be dis- 
tinct, and the species is .said to be “dioecious.” In other 
cases the same individual has the power of producing both the 
essential elements of reproduction ; in which case the sexes 
are said to be united, and the individual is said to be “ her- 
maphrodite,” “ androgynous,” or “ monoecious.” In the case 
of hermaphrodite animals, however, self-fecundation — contrary 
to what might have been expected — rarely constitutes the re- 
productive process ; and, as a rule, the reciprocal union of two 
such individuals is necessary for the production of young. 
Even amongst hermaphrodite plants, where self-fecundation 
may, and certainly does, occur, provisions seem to exist by 
which perpetual self-fertilisation is prevented, and the influence 
of another individual secured at intervals.* Amongst the 

* It seems to have been established as a strong probability by Darwin, 
Hildebrandt, and Delpino, that in the great majority of plants self-fecunda- 
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higher animals sexual reproduction is the only process whereby 
new individuals can be generated. 

II. Non-sexual Reproduction . — Amongst the lower animals 
fresh beings may be produced without the contact of an ovum 
and a spermatozoid ; that is to say, without any true generative 
act. The processes by which this is eftected vary in different 
animals, and are all spoken of as forms of “ asexual ” or 
“ agamic reproduction (“ agamogenesis As we shall see, 
however, the true ‘individual” is very rarely produced other- 
wise than sexually, and most forms of agamic reproduction are 
really modifications of growth. 

a. Gemmation and Fission. — Gemmation, or budding, con- 
sists in the production of a bud, or buds, generally from the 
exterior, but sometimes from the interior, of the body of an 
animal, which buds are developed into independent beings, 
which may or may not remain permanently attached to the 
parent organism. Fission differs from gemmation solely in 
the fact that the new structures in the former case are pro- 
duced by a division of the body of the original organism into 
separate parts, which may remain in connection, or niviy under- 
go detachment. 

The simplest form of gemmation, perhaps, is seen in the 
power possessed by certain animals of reproducing parts of 
their bodies which they may have lost. Thus, the Crustacea 
possess the power of reproducing a lost limb, by means of a 
bud which is gradually developed till it assumes the form and 
takes the place of the missing member. In these cases, how- 
ever, the process is not in any way generative, and the pro- 
duct of gemmation can in no sense be spoken of as a distinct 
being (or zooid). 

An excellent example, however, of true gemmation is ex- 
hibited in such an organism as the common sea-mat (Flustra), 
which is a composite organism composed of a multitude of 
similar beings, each of which inhabits a little chamber, or cell ; 
the whole forming a structure not unlike a sea-weed in appear- 
ance. This colony is produced by gemmation from a .single 
primitive being (“ polypide ”), which throws out buds, each of 
which repeats the process, apparently almost indefinitely. All 
the buds remain in contact and connected with one another, 
but each is, nevertheless, a distinct and independent being, 


lion never occurs, but the plant is fertilised by the intervention of insects. 
Thus, in many plants the stamens and pistil arrive at maturity at difterent 
times, whilst in others the stamens and stigma arc placed at different 
heights in the flower, and do not always occupy the same position even in 
a single species. 


C 
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capable of performing all the functions of life. In this case, 
therefore, each one of the innumerable buds becomes an inde- 
pendent being, similar to, though not detached from, the organ- 
ism which gave it birth. This is an instance of what is called 
‘‘ continuous gemmation.” 

In other cases — as in the common fresh-water polype or 
Hydra — the buds which are thrown out by the primitive or- 
ganism become developed into creatures exactly resembling 
the parent, but, instead of remaining permanently attached, 
and thus giving rise to a compound organism, they are de- 
tached to lead an entirely independent existence. This is a 
simple instance of what is termed “ discontinuous gemmation.” 

The method and results of fission may be regarded as essen- 
tially the same as in the case of gemmation. The products 
of the division of the body of the primitive organism may 
either remain undetached, when they will give rise to a compo- 
site structure (as in many corals), or they may be thrown off and 
live an independent existence (as in some of the Hydrozoa). 

We are now in a position to understand what is meant, 
strictly speaking, by the term ‘‘ individual.” In zoological 
language, an individual is defined as “ equal to the total result of 
the develofmefit of a single ovum I' Amongst the higher animals 
there is no difficulty about this, for each ovum gives rise to no 
more than one single being, which is incapable of repeating it- 
self in any other way than by the production of another ovum ; 
so that an individual is a single animal. It is most important, 
however, to comprehend that this is not necessarily or always 
the case. In such an organism as the sea-mat, the ovum gives 
rise to a primitive polypide, which repeats itself by a process 
of continuous gemmation until an entire colony is produced, 
each member of which is independent of its fellows, and is 
capable of producing ova. In such a case, therefore, the term 
“individual” must be applied to the entire colony, since this 
is the result of the development of a single ovum. 'Fhe sepa- 
rate beings which compose the colony are technically called 
zodids. In like manner the Hydra, which produces fresh and 
independent Hydrae by discontinuous gemmation, is not an 
“ individual,” but a zodid. Here the zodids are not perma- 
nently united to one another, and the “individual” Hydra 
consists really of the primitive Hydra, all the detached 
Hydrae to which it gave rise. In this case, therefore, the “ in- 
dividual” is composed of a number of di.sconnected and wholly 
independent beings, all of which are the result of the develop- 
ment of a single ovum. It is to be remembered that both the 
parent zodid and the “ produced zodids ” are capable of giving 
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rise to fresh Hydrse by a true generative process. It must 
also be borne in mind that this production of fresh zooids by a 
process of gemmation is not so essentially different front the true 
sexual process of reproduction as might at first sight appear, 
since the ovum itself may be regarded merely as a highly 
specialised bud. In the Hydra, in fact, where the ovum is pro- 
duced as an external process of the wall of the body, this like- 
ness is extremely striking. The ovarian bud, however, differs 
from the true gemmoe or buds in its inability to develop itself 
into an independent organism, unless ])reviously brought into 
contact with another special generative element. The only 
exceptions to this statement are in the rare cases of true ‘‘ par- 
thenogencsis,’' to be subsequently alluded to. 

/>. J\t' prod ih’i ion by Iniernal Gi inmation. — lk‘f(^rc considering the pheno- 
mena of “ alternate generations,*’ it will be as well to glance for a moment 
at a peculiar form of gemmation exhibited by some of the Polyzoa, which 
is in some respects intermediate between ordinary discontinuous gemma- 
tion and alternation of generations. These organisms are nearly allied to 
the sea-mat already spoken of, and, like it, can reproduce themselves by 
Continuous gemmation (forming colonics), by a true sexual process, and 
rarely by fission. In addition to all these methods they can reproduce 
themselves by the formation of peculiar internal buds, which are called 
“ statoblasls.” These buds are developed upon a peculiar cord, which 
crosses the body-cavity, and is attached at one end to the fundus of the 
stomach. When mature lliey drop off from this cord, and lie loose in the 
cavity of the body, whence they arc liberal eil on the death of the parent 
organism. \Vhcn thus liberated, the statoblast, after a longer or shorter 
period, ruptures and gives exit to a young I’olyzotm, which has essentially 
the same structure as the adult. It is, lunvever, simple, and has to undergo 
a ]>rocess of continuous gemmation before it can assume the compound 
form ])roper to the adult. 

As regards the nature of these singul.ar bodies, “ the invariable absence 
of germinal vesicle and germinal spot, and their never exhibiting the phe- 
nomena of yelk-cleavage, independently of the conclusive fact that true 
ova and ovary occur elsewhere in the same individual, are quite decisive 
against their being eggs. \Yc must then look upon them as pecu- 

liarly encysted, and destined to remain for a period in a quiescent or pupa- 
like state " (Allman). 

c. Alternation of Generations . — In the case of the Hydra and 
the sen -mat, which we have considered above, fresh zooids are 
l^roduced by a primordial organism by gemmation ; the beings 
thus produced (as well as the parent) being capable not 
only of repeating the gemmiparous process, but also of pro- 
ducing new individuals by a true generative act. We have 
now to consider a much more complex series of phenomena, 
in which the organism which is developed from the primitive 
ovum produces by gemmation tioo sets of zooids, one of which 
is destitute of sexual organs, and is capable of performing no 
other function than that of nutrition, whilst the other is pro- 
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vided with reproductive organs, and is destined for the per- 
petuation of the species. In the former case the produced 
zooids all resembled each other, and the parent organism 
which gave rise to them ; in the latter case, the produced 
zooids are often utterly unlike each other and unlike the 
parent, since their functions are entirely different. 

The simplest form of the process is seen in certain of the 
Hydroid Polypes, such as Hydractinia. The embryo of Hydrac- 
tinia is a free - swimming ciliated body, which, after a short 
locomotive existence, attaches itself to some submarine object, 
develops a mouth and tentacles, and commences to produce 
zooids like itself by a process of continuous gemmation. These 
remain permanently attached to one another, with the result 
that a compound organism is produced, consisting of a num- 
ber of zooids, or polypites,*' organically connected together, 
but enjoying an independent existence. None of the zooids, 
however, are provided with sexual organs ; and though there 
is theoretically no limit to the size which the colony may reach 
by gemmation, its buds are not detached, and the sj)ecies would 
therefore die out, unless some special provision were made for 
its preservation. Besides these nutritive zooids, ho\vever, other 
buds are produced which differ considerably in appearance 
from the former, and which have the power of generating the 
essential elements of reproduction. These generative zodids 
derive their nourishment from the materials collected by the 
nutritive zooids, but only live until the ova are matured in their 
interior and liberated, when they disappear. The ova thus 
produced become free-swimming ciliated bodies, such as the 
one with which the cycle began. 

In this case, therefore, the “ individual ” consists of a series 
of nutritive zodids, collectively called the “ trophosome,” and 
another series of reproductive zodids, collectively called the 
“ gonosome,’' the entire series remaining in organic connection. 

In other Hydroid Zoophytes allied to the preceding (such 
as Clytia), the process advances a step further. In Clytia^ the 
generative buds or zodids do not produce the reproductive 
elements as long as they remain attached to the parent colony; 
but they require a preliminary period of independent existence. 
For this purpose they are specially organised, and when suffi- 
ciently mature they are detached from the stationary colony. 
The generative zodid now appears as an entirely independent 
being, described as a species of jelly-fish (or Medusa). It con- 
sists of a bell-shaped disc, by means of which it is enabled to 
swim freely ; from the centre of this disc depends a nutritive pro- 
cess, with a mouth and digestive cavity, whereby the organism 
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is able to increase considerably in size. The substance of the 
disc is penetrated by a complex system of canals, and from its 
margin hangs a series of tentacular processes. After a period 
of independent locomotive existence, the Medusa attains its 
full growth, when it develops ova and spermatozoa. By the 
contact of these, embryos are produced ; but these, instead of 
resembling the jelly-fish by which they were immediately gen- 
erated, proceed to develop themselves into the fixed Hydroid 
colony by which the Medusa was originally produced. 

Still more extraordinary phenomena have been discovered 
in other Hydrozoa, as in many of the Lucernarida. In these 
the ovum gives rise to a locomotive ciliated body, which ulti- 
mately fixes itself, becomes trumpet-shaped, and develops a 
mouth and tentacles at its expanded extremity, when it is 
known as the “ hydra-tuba,” from its resemblance to the fresh- 
water polype, or Hydra. The hydra-tuba has the power of 
multiplying itself by gemmation, and it can produce large col- 
onies in this way ; but it does not obtain the power of gener- 
ating the essential elements of reproduction. Under certain 
circumstances, however, the hydra- tuba enlarges, and, after a 
series of preliminary changes, divides by tranverse fission into 
a number of segments, each of which becomes detached and 
swims away. These liberated segments of the little hydra-tuba 
(it is about half an inch in height) now live as entirely inde- 
pendent beings, which were described by naturalists as distinct 
animals, and were called Ephyne. They are provided with a 
swiming-bell, or umbrella,” by means of which they propel 
themselves througli the water, and with a mouth and digestive 
cavity. They now lead an active life, feeding eagerly, and 
attaining in some instances a i)erfectly astonishing size (the 
Medusoids of some species arc several feet in circumference). 
After a while they develop the essential elements of reproduc- 
tion, and after the fecundation and liberation of their ova they 
die. The ova, however, are not developed into the free-swim- 
ming and comparatively gigantic jelly-fish by which they were 
immediately produced, but into the minute, fixed, sexless hydra- 
tuba. 

We thus see that a small sexless zodid, which is capable of 
multiplying itself by gemmation, produces by fission several 
independent locomotive beings, which are capable of nourish- 
ing themselves and of performing all the functions of life. In 
these are produced generative elements, which give rise by 
their development to the little fixed creature with which the 
series began. 

To the group of phenomena of which the above are examples. 
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the name “alternation of generations’’ was applied by Steen* 
strap ; but the name is not an appropriate one, since the pro- 
cess is truly an alternation of generation with gemmation or 
fission. The only generative act takes place in the reproduc- 
tive zooid, and the production of this from the nutritive zooid 
is a process of gemmation or fission, and not a process of gen- 
eration. The “ individual,” in fact, in all these cases must be 
looked upon as a double being composed of two factors, both 
of which lead more or less completely independent lives, the 
one being devoted to nutrition, the other to reproduction. The 
generative being, however, is in many cases not at first able to 
mature the sexual elements, and is therefore provided with the 
means necessary for its growth and nourishment as an inde- 
pendent organism. It must also be remembered that the 
nutritive half of the “ individual ” is usually, and the generative 
half sometimes, compound — that is to say, composed of a num- 
ber of zooids produced by continuous gemmation ; so that the 
zoological individual in these cases becomes an extremely com- 
plex being. 

These phenomena of so-called “alternation of generations,” 
or “ metagenesis,” occur in their most striking form amongst 
the Hydrozoa; but they occur also amongst many of the in- 
testinal worms (Entozoa), and amongst some of the Tunicata 
(Molluscoida). 

d. Parthenogenesis, — “Parthenogenesis” is the term employed 
to designate certain singular phenomena, resulting in the pro- 
duction of new individuals by virgin females without the inter- 
vention of a male. By Professor Owen, who first employed the 
term, parthenogenesis is applied also to the processes of gem- 
mation and fission, as exhibited in sexless beings or in virgin 
females ; but it seems best to consider these phenomena sepa- 
rately. Strictly the term parthenogenesis ought to be confined 
to the production of new individuals from virgin females by 
means of or^a^ which are enabled to develop themselves with- 
out the contact of the male element. The difficulty in this 
definition is found in framing an exact definition of an ovum, 
such as will distinguish it from an internal gemma or bud. No 
body, however, should be called an “ovum” which does not 
exhibit a germinal vesicle and germinal spot, and which does 
not exhibit the phenomenon known as segmentation of the 
yelk. Moreover, ova are almost invariably produced by a 
special organ, or ovary. 

As examples of parthenogenesis, we may take the cases of 
the Plant-lice (Aphides), the Honey-bee, and certain Crustacea ; 
though in the case of the first of these it is possible that the 
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phenomena observed may admit of explanation otherwise than 
as an instance of parthenogenesis strictly so called. 

The Aphides, or plant-lice, which are so commonly found 
parasitic upon plants, are seen towards the close of autumn to 
consist of male and female individuals. By the sexual union 
of these true ova are produced, which remain dormant through 
the winter. At the approach of spring these ova are hatched ; 
but instead of giving birth to a number of males and females, 
all the young are of one kind, variously regarded as neuters, 
virgin females, or hermaphrodites. Whatever their true nature 
may be, these individuals produce, viviparoiisl}\ a brood of 
young which resemble themselves ; and this second generation, 
in like manner, produces a third, — and so the process may be 
repeated, for as many as ten or more generations, throughout 
the summer. When the autumn comes on, how'ever, the vivi- 
parous Aphides produce — in exactly the same manner — a final 
brood, but this, instead of being comi>osed entirely of similar 
individuals, is made up of males and females. Sexual union 
now takes place, and ova are produced and fecundated in the 
ordinary manner. 

The viviparous Aphides are either wingless or winged ; and 
the number of young produced is so great, that it has been 
calculated that a single Aphis might in this way be, during 
the summer months, and by the time the tenth generation was 
reached, the progenitor of no less than one quintillion of indi- 
viduals. Each viviparous Aphis possesses an ovary, which 
only differs from that of the fertile females in being without 
certain secondary adjuncts (the colleterial gland and sperma- 
theca). This pseudovarium ” produces egg-like bodies or 
‘‘ pseudova,’* which are directly developed into young Aphides 
— the latter being thus produced by “ the individualisation of 
previously organised tissue.” 

The differences between the “pseudova” and true ova are 
in no way anatomical, but are wholly physiological ; and the 
decision involved in the viviparous reproduction of the Aphides 
turns simply upon the question as to whether the viviparous 
individuals possess, in addition to the pseudovarium, a testis, 
or whether male organs are absent. Most observers maintain 
that the viviparous Aphides are wholly destitute of male organs 
of reproduction, in which case the phenomena just described 
can only be explained as an example of parthenogenesis. On 
the other hand, Balbiani maintains that the viviparous Aphides 
are really hermaphrodite, in which case, of course, the pheno- 
mena are of a much less abnormal character. 

In the second case of alleged parthenogenesis which we are 
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about to examine — namely, in the honey-bee — the phenomena 
which have been described are now generally accepted as free 
from doubt. A hive of bees consists of three classes of indi- 
viduals : I, a “queen,” or fertile female; 2, the “workers,” 
which form the bulk of the community, and are really unde- 
veloped or sterile females; and, 3, the “drones,” or males, 
which are only produced at certain times of the year. We 
have here three distinct sets of beings, all of which proceed 
from a single fertile individual ; and the question arises, In 
what manner are the differences between these produced ? At 
a certain period of the year the queen leaves the hive, accom- 
panied by the drones (or males), and takes what is known as 
her “nuptial flight” through the air. In this flight she is 
impregnated by the males ; and in virtue of this single impreg- 
nation, she is enabled to produce fresh individuals for a length- 
ened period, the semen of the males being stored up in a 
receptacle which communicates by a tube with the oviduct, 
from which it can be shut off at will. The ova which are to 
produce workers (undeveloped females) and queens (fertile 
females) are fertilised on their passage through the oviduct, 
the semen being allowed to escape into the oviduct for this 
purpose. The subsequent development of these fecundated 
ova into workers or queens depends entirely upon the form of 
the cell into which the ovum is placed, and upon the nature of 
the food which is supplied to the larva. So far there is no 
doubt as to the nature of the phenomena which are observed. 
It is asserted, however, by Dzierzon and Siebold, that the 
males or drones are produced by the queen from ova which 
she does not allow to come into contact with the semen as they 
pass throught the oviduct. This assertion is suj)j)orted by the 
fact that if the communication between the receptacle for the 
semen and the oviduct be cut off, the queen will produce 
nothing but males. Also, in crosses between the common 
honey-bee and the Ligurian bee, the queens and workers alone 
exhibit any intermediate characters between the two forms, the 
drones presenting the unmixed characters of the queen by 
whom they were produced. 

If these observations are to be accepted as established — and 
there can be no hesitation in accepting them as in the main 
correct — then the drones are produced by a true process of 
parthenogenesis ; but some observers maintain that the devel- 
opment of any given ovum into a drone is really due— as in 
the case of the queens and workers — to the special circum- 
stances under which the larva is brought up.* 

* In the case of Polisies Gallica^ Von Siebold appears to have proved 
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Among the Crustaceans, parthenogenesis has been estab- 
lished as occurring in some of the water-fleas (C/atiocera) and 
in various of the Phyllopods (Apus^ Limnadia, Artemia, &c.) 
In these latter it is the female which is produced parthenogen- 
etically ; whereas in the honey-bee and in Polistes it is the male. 

There are various other cases in which parthenogenesis is 
said to occur, but the above will suffice to indicate the general 
character of the phenomena in question. The theories of par- 
thenogenesis appear to be too complex to be introduced here ; 
and there is the less to regret in their omission, as naturalists 
have not yet definitely adopted any one explanation of the 
I)henomena to the exclusion of the rest. 

From the phenomena of asexual reproduction in all its 
forms, M. de Quatrefages has deduced the following general- 
isation : — 

“ The formation of new individuals may take place, in some 
instances, by gemmation from, or division of, the parent-being ; 
but this process is an exhaustive one, and cannot be carried 
out indefinitely. When, therefore, it is necessary^ to insure the 
continuance of the species, the sexes must present themselves, 
and the germ and sperm must be allowed to come in contact 
with one another.” 

It should be added that the act of sexual reproduction, 
though it insures the perpetuation of the species^ is very de- 
structive to the life of the individual. The formation of the 
essential elements of reproduction appears to be one of the 
highest physiological acts of which the organism is capable, 
and it is attended with a corresponding strain upon the vital 
energies. In no case is this more strikingly exhibited than in 
the case of insects, many of which pass the greater portion of 
their existence in a sexually immature condition, and die ah 
most immediately after they have become sexually perfect and 
have consummated the act whereby the perpetuation of the 
species is secured. 


12. Dkvelopment, Transformation, and Metamorphosis. 

Droelopmcnt is the general term apjdied to all those changes 
which a germ undergoes before it assumes the characters ot 

beyond reasonable doubt that the males are produced by a process of par- 
thenogenesis. Landois, however, asserts that the eggs of insects are ot no 
sex, that sex is only developed in the larva after its emergence from the 
egg, and that in each individual larva the sex is determined wholly by the 
nature of the food upon which it is brought up ; abundant nourishment 
producing females, and scanty diet giving rise to males. 
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the perfect individual ; and the chief differences which are ob- 
served in the process as it occurs in different animals consist 
simply in the extent to which these changes are external and 
visible, or are more or less completely concealed from view. 
For these differences the terms “ transformation ” and “ meta- 
morphosis are employed; but they must be regarded as 
essentially nothing more than variations of development. 

Transformation is the term employed by Quatrefages to 
designate “ the series of changes which every germ undergoes 
in reaching the embryonic condition ; those which we observe 
in every creature still within the egg ; those, finally, which the 
species born in an imperfectly developed state present in the 
course of their external life.” 

Metaynorphosis is defined by the same author as including 
the alterations which are “ undergone after exclusion from the 
egg, and which alter extensively the general form and mode of 
life of the individual.” 

Though by no means faultless, these terms are sufficiently 
convenient, if it be remembered that they are merely modifi- 
cations of development, and express differences of degree and 
not of kind. An insect, such as a butterfly, is the best illus- 
tration of what is meant by these terms. All the changes 
which are undergone by a butterfly in passing from the fecun- 
dated ovum to the condition of an imago, or perfect insect, 
constitute its development. The egg which is laid by a butter- 
fly undergoes a series of changes which eventuate in its giving 
birth to a caterpillar, these preliminary changes constituting 
its transfonnation. The caterpillar grows rai)idly, and after 
several changes of skin becomes quiescent, when it is known 
as a “ chrysalis.” It remains for a longer or shorter time in 
this quiescent and apparently dead condition, during which 
period developmental changes are going on rapidly in its 
interior. Finally, the chrysalis ruptures, and there esca])es 
from it the perfect winged insect. To these changes the term 
metamorphosis is rightly applied. These changes, however, do 
not differ in kind from the changes undergone by a Mammal ; 
the difference being that in the case of a Mammal the ovum 
is retained within the body of the parent, where it undergoes 
the necessary developmental changes, so that at birth it has 
little to do but grow, in order to be converted into the adult 
animal. 

From these considerations we arrive at a second generalisa- 
tion, which is thus formulated by Quatrefages : Those crea- 
tures whose ova — owing to an insufficient supply of nutritious 
contents, and an incapacity on the part of the mother to pro- 
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vide for their complete development within her own sub- 
stance — are rapidly hatched, give birth to imperfect offspring, 
which, in proceeding to their definitive characters, undergo 
several alterations in structure and form, known as metamor- 
phoses/* 

Retrograde Deitelopmait. — Ordinarily speaking, the course 
of development is an ascending one, and the adult is more 
highly organised than the young; but there are cases in which 
there is an apparent reversal of this law, and the adult is 
to all appearance a degraded form when compared with the 
embryo. This phenomenon is known as “ retrograde ” or 
“recurrent” development; and well-marked instances are 
found amongst the Cirripedia and Lernneas, both of whicli 
belong to the Crustacea. 

Thus, in the Cirripedes (acorn - shells, &c.) and in the 
parasitic Lcrneeae (fig. 3), the embryo is free-swimming and 



Fig. — A, Young of one of the p.-inivitic (Vuslaceans u ith its 

p.nldles and eye-spots, magnified ; H, Deformed and swollen p.ara.siuc adult ut .to- 
other nieniher of the same group Lerfunt). 


provided with organs of vision and sensation, being in many 
respects similar to the permanent condition of certain other 
Crustacea, such as the Copepods. The adult, however, in 
both cases, is degraded into a more or less completely seden- 
tary animal, more or less entirely deprived of organs of sense, 
and leading an almost vegetative life. As a compensation, 
reproductive organs are developetl in the adult, and it is in 
this respect superior to the locomotive, but sexless, larva. 

13. Spontaneous Gener.ation. 

Spontaneous or F.quivocal generation is the term applied to 
the alleged production of living beings without the pre-exist- 
ence of germs of any kind, and therefore without the pre-exist- 
ence of pa»rcnt organisms. The question is one which has 
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been long and closely disputed, and is far from being settled ; 
so that it will be sufficient to indicate the facts upon which the 
theory rests. 

If an animal or vegetable substance be soaked in hot or 
cold water, so as to make an organic infusion, and if this in- 
fusion be exposed for a sufficient length of time to the air, the 
following series of changes is usually observed : — 

I. At the end of a longer or shorter time, there forms upon 
the surface of the infusion a thin scum, or pellicle, which, 
when examined microscopically, is found to consist of an in- 
calculable number of extremely minute molecules (fig. 4, A). 




Fig. 4 . — A, Living particles or molecules developed in organic infusions ; 15, Ilacteria 
developed in organic infusions, highly magnified. (After Beale.) 


2. In the next stage these molecules appear, many of them, 
to have increased in size by endogenous division, till they 
form short staff-shaped filaments, called “ bacteria '' (fig. 4, B). 
Others increase in length by the same process until we get long 
filamentous bodies produced, which are termed “ vibriones.’' 
Both the bacteria and the vibrios now exhibit a vibratile or 
serj^entine movement through the surrounding fluid. 

3. After a varying period, the bacteria and vibrios become 
motionless, and disintegrate so as to produce again a finely 
molecular pellicle. 

4. lattle spherical bodies may now appear, each of which is 
provided with a vibratile cilium with which it moves actively 
through the infusion (Monas lens). 

5. Varied forms of ciliated Infu.soria — some of which possess 
a mouth and are otherwise highly organised — may make their 
appearance in the fluid. 

The above is the general sequence of the phenomena which 
have been observed, and the following are the two theories 
which have been advanced to account for them : — 

a. By the advocates of spontaneous generation, “Abio- 
genesis” or ‘‘Heterogeny,” it is affirmed that the Infusoria 
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which finally appear in the infusion are produced spontane- 
ously out of the molecular pellicle, the molecules of which are 
also of spontaneous origin, and are not derived from any pre- 
existing germs. 

b. By the “ panspermists,” or the opponents of spontaneous 
generation, it is alleged, on the other hand, that tlie produc- 
tion of Bacteria, Vibrios, Monads, and Infusoria, in organic 
infusions, is due simply to the fact that the atmosphere, and 
probably the fluid itself, is charged with innumerable germs — 
too minute, perhaps, to be always detectable by the micro- 
scope — which, obtaining access to the fluid, and finding there 
favourable conditions, are developed into living beings. 

A large number of elaborate experiments have been carried 
out to prove that atmospheric air is absolutely necessary for 
the production of these living beings, and that if the air be 
properly purified by passage through destructive chemical 
reagents, no such organisms will be produced, provided that 
the infusion have been previously boiled. As the results of all 
these experimental trials have hitherto proved more or less 
contradictory, it is unnecessary to enter into the question fur- 
ther, and it will be sufficient to indicate the following general 
considerations : — 

a. The primary molecules which appear in the fluid are ex- 
tremely minute, and if they are developed from germs, these 
may be so small as to elude any power of the microscope yet 
known to us. As they subsequently become converted into 
bacteria and vibrios, and as there can be little dispute as to 
these being truly living organisms, we are obliged to believe 
that they must have had some definite origin. It appears, 
however, to be hardly philosophical to assume that they form 
themselves out of the inorganic materials of the infusion ; since 
this implies the sudden appearance, or creation, of new force, 
for which there seems to be no means of accounting. 

Ik The nature of the vibrios must be looked upon as un- 
certain. To say the least of it, they are quite as likely to be 
plants as animals; and the most probable hypothesis would 
place them near the filamentous Conferva), or would regard 
them as the mycelium of various species of Moulds {Paiicil- 
Hum), The bacteria are undoubtedly of a vegetable nature, 
and referable to the Alger, 

c. What has been said above with regard to the origin of 
the bacteria and vibrios applies equally to the origin of the 
Monads, which appear in the infusion subsequently to the 
death of the vibrios. 

d. These monads, as shown by recent researches, are pro 
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bably to be looked upon as, in some cases at any rate, the 
embryonic, or larval, forms of the higher Infusoria which suc- 
ceed them, 

e. Many of the Infusoria which finally appear are of a 
comparatively high grade of organisation, being certainly the 
highest of the Protozoa, and being placed by some competent 
observers in the neighbourhood of the Trematode Worms 
(Scolecida). It is therefore very unlikely that these should 
be generated spontaneously; since, if this ever occurs, it is 
reasonable to suppose that the creatures thus produced will be 
of the lowest possible organisation (such as the Gregarinidae 
or the Monera, for example), and will be far below the Infu- 
soria in point of structure. 

f. The reproductive process in many of these same Infusoria 
is perfectly well known, and it consists either in a true sexual 
process, for which proper organs are provided (as in Paramce- 
cium), or in a process of gemmation or fission. It is therefore 
improbable that they should be generated in the manner main- 
tained by the heterogenists, since this mode of reproduction 
would appear to be superfluous. 

g. In the absence of any direct proof to the contrary, it 
is safer to adopt an explanation of the observed phenomena 
which does not have recourse to laws with which we are as yet 
unacquainted. Thus, it is not at variance with any known law 
to suppose that the primary molecules are the result of the 
development of germs which find in the organic infusion a 
suitable ^lidus ; that these primary molecules and the vibrios 
which they produce are referable to the Protophyta, and should 
jjrobably be placed near the filamentous Confervae ; that by 
the death of these vegetable organisms the fluid is prepared 
for the reception and development of the germs of the Pro- 
tozoa, for which the former serve as pabuhun ; and that many 
of the forms which are observed are the larval stages of the 
higher Infusoria. 

//. Recent researches, especially those of Dr Bastian, have 
established some new facts as to the possibility of spontaneous 
generation, but they can by no means be said to have settled 
the question, if only upon the ground that they require con- 
firmation by other experimentalists. The chief fact which ap- 
pears to have been established upon a tolerably firm basis is, 
that living beings, vegetable or animal, may make their ap- 
pearance in organic infusions which have been subjected to a 
temperature of considerably over the boiling-point, even though 
the said infusions have been hermetically sealed in a flask from 
which all atmospheric air has been previously withdrawn. The 
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chief deduction which appears to flow from this — assuming its 
correctness — is, that there are low organisms which can qxist, 
for a certain length of time at any rate, with an extremely 
small amount of air ; for it is to be remeitibered that the pro- 
duction of a theoretically perfect vacuum is probably practically 
impossible. If it were conceded, in fact, that a perfect vacu- 
um had been formed in the experiments in question, the sole 
result would be that we should have to alter all our beliefs as 
to the conditions under which life is a possibility. The only 
tangible result of these experiments, so far, is, that any sup- 
posed ‘‘pre-existent germs*' must have been contained, if 
present at all, in the infinitesimal portion of air which could 
not be expelled from the flasks experimented on; or, they 
must have been able to withstand without injury a tempera- 
ture of over 212°. Mr Crace-Calvert, indeed, asserts that he 
hao experimentally shown that vibrios can survive exposure to 
a temperature exceeding 300° Fahrenheit, and Messrs Dallinger 
and Drysdale have shown the same of the germs of bacteria. 
Neither of these hypotheses is wholly incredible; but the ques- 
tion ought to be regarded as still sub judice. Under any cir- 
cumstances, the entire question is one of such complexity as to 
be altogether unsuited for discussion here. 

/. Still more recent researches, carried out in a series of 
elaborate experiments by Professor Tyndall, have supplied us 
with a com])lete physical demonstration that ordinary atmo- 
spheric air is invariably charged with innumerable particles of 
solid matter, many of which are so immeasurably minute as to 
be incapable of detection by the highest known powers of the 
microscope. The same observer has further shown that vibrios 
and bacteria are never produced in organic infusions, which, 
subsequent to boiling, are exposed only to air from which these 
floating molecules have been comjfletely removed. In the face 
of these observations, it is difficult to see how the doctrine of 
“ abiogenesis ” can maintain its ground. 

14. Origin of Species. 

It is impossible here to do more than merely indicate in the 
briefest manner the two fundamental ideas which are at the 
bottom of all the various theories as to the origin of species ; 
and it will be sufficient to give an outline of the two leading 
theories, without adducing any of the reasoning upon which 
they are based. It should be added, however, that almost all 
scientific men are at the present day agreed that species have 
been produced by a process of evolution or development, 
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though all are not agreed as to the manner in which that* 
evolution has been carried out. 

I. Doctrine of Special Creation . — On this doctrine of the 
origin of species it is believed that species are immutable pro- 
ductions, each of which has been specially created at some 
point within the area in which we now find it, to meet the 
external conditions there prevailing, subsequently spreading 
from this spot as far as the conditions of life were suitable 
for it. 

II. Doctrine of Development — On the other hand, it is be- 
lieved that species are not permanent and immutable, but that 
they “ undergo modification, and that the existing forms of life 
are the descendants by true generation of pre-existing forms ” 
(Darwin). 

On Lamarck’s theory of the development of species, the 
means of modification were ascribed to the action of external 
physical agencies, the inter-breeding of already existing forms, 
and the effects of habit. 

The doctrine of the development of species by variation and 
natural selection — propounded by Darwin, and commonly 
known as the Darwinian theory — is based upon the following 
fundamental propositions : — 

1. The progeny of all species of animals and plants exhibit 
variations amongst themselves in all parts of their organisation, 
no two individuals being exactly and in all respects alike. In 
other words, in every species the individuals, whilst inheriting 
a general likeness to their progenitors, tend by variation to 
diverge from the parent-type in some particular or other. 

2. Variations arising in any part of the organism, however 
minute, may be transmitted to future generations, under certain 
definite and discoverable laws of inheritance. 

3. By “ artificial selection,” or by breeding from individuals 
possessing any particular variation, man, in successive genera- 
tions, can produce a breed in which the variation will be per- 
manent, the divergence from the parent -type being usually 
intensified by the process of inter-breeding. The races thus 
artificially produced by men arc often as widely different as are 
distinct species of wild animals. 

4. The world in which all living beings are placed is one 
not absolutely unchanging, but is liable, on the contrary, to 
subject them to very varying conditions. 

5. All animals and plants give rise to more numerous young 
than can by any possibility be preserved, each species tending 
to increase in numbers in a geometrical progression. 

6. As these young are none of them exactly alike in all 
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respects, a process of natural selection ” will ensue, whereby 
those individuals which possess any variation, however slight, 
favourable to the peculiarities of the life of the species, will 
tend to be preserved. Those individuals, on the other hand, 
which do not possess any such favourable variation, will be 
placed at a disadvantage in the “ struggle for existence,” and 
will tend to be gradually exterminated. The individuals, there- 
fore, composing any species are thus subjected to a rigid pro- 
cess of sifting, by which those least adapted to their environ- 
ment are being perpetually weeded out, whilst the survival 
of the fittest ” is secured. 

7. Other conditions remaining the same, the individuals 
which survive in the struggle for existence will transmit the 
variations to which they owe their preservation, to future 
generations. 

8. ily a repetition of this process, ^‘varieties” are first 
established • these become permanent, and races ” are pro- 
duced ; finally, in the lapse of time, the differences thus caused 
become sufficiently marked to constitute distinct “species.” 

9. If we grant that past time has been practically infinite, 
it is conceivable that all the different animals and plants 
which we see at ])resent upon the globe, may have been 
produced by the action of natural selection upon the off- 
spring of a few primordial forms, or, it may be, of a single 
primitive being. 

Originally, Mr Darwin appears to have believed that 
“ natural selection ” would alone be found to be a sufficient 
cause to have given rise to all existing species by a process of 
evolution from pre-existing forms. In view, however, ol 
certain objections which had been brought forward, Mr 
Darwin seems to have abandoned this position ; and a cause 
supplementary to “ natural selection ” was sought for in what 
Mr Darwin terms “ sexual selection.’’ The action of sexual 
selection in a sui)posevl process of evolution, according to 
Mr Darwin’s view's, may be stated in the following two pro- 
l)ositions : — 

The males of many species of animals are known to 
engage in very severe contests for the possession of the 
females, these latter yielding themselves to the victor. In 
such contests certain males will inevitably have certain advan- 
tages over the others, cither in point of strength or activity, 
or in consequence of the possession of more efficient offensive 
weapons. There will therefore always be a probability that 
certain males will get possession of the females in preference 
to others : and thus there will be a tendency in the individuals 

I) 
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of many species of animals to secure a preponderance of off- 
spring from the strongest males. The peculiarities which 
enable certain males to succeed in these contests will, cceteris 
paribus^ be transmitted to their male offspring, and in this way 
variations may be perpetuated, initiated, or intensified. 

b. In the preceding cases, the females are believed to be 
perfectly passive, and the selection is a “ natural one, the 
final result depending solely upon the natural advantages 
which certain males possess over others in actual combat. 
It is alleged, however, that there are other cases in which the 
selection is truly “ sexual,” since its result is determined by 
spontaneous preference, and not by brute force alone. It is 
asserted, namely, that among certain species of animals, the 
females exercise a free choice as to the particular male with 
which they will pair; the males being passive agents in the 
matter, except in so far as each uses, or may use, his utmost 
exertions to secure that the choice of the female may fall upon 
him. The circumstances supposed to influence, and ultimately 
determine, the choice of the female, are of course, in the main, 
the personal attractions of some particular male, the female 
being captivated by some “ beauty of form, colour, odour, or 
voice,” which such a male may possess. 

If it be admitted that the females of some of the lower 
animals have the power of expressing and exercising a pref- 
erence in the manner above indicated, then it is easy to 
understand how variations might be transmitted or intensi- 
fied in this way. The male who is most attractive to the 
female will, other things being equal, have the best chance 
of propagating his species, and is likely to leave the largest 
number of descendants. His male offspring will inherit the 
peculiarities by which their sire was rendered pre-eminently 
attractive in the eyes of their mother, and thus a well-marked 
breed might be produced, by the preservation or intensifica- 
tion of characters of this nature. Mr Darwin is disposed to 
believe that colour and song in most, if not in all animals, are 
thus to be ascribed to the action of sexual selection, through 
numerous successive generations ; but other competent author- 
ities are unable to concur in this view. 

15. Distribution. 

Under this head come all the facts which are concerned 
with the external or objective relations of animals — that is to 
say, their relations to the external conditions in which they are 
placed. 
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The geographical distribution of animals is concerned with 
the determination of the areas within which every species of 
animal is at the present day confined. Some species are found 
almost everywhere, when they are said to be “ cosmopolitan ; ” 
but, as a rule, each species is confined to a limited and definite 
area. Not only are species limited in their distribution, but it 
is possible to divide the globe into a certain number of geo- 
graphical regions or zoological provinces,” each of which is 
characterised by the occurrence in it of certain associated 
forms of animal life. 

The geographical distribution of land animals is conditioned 
partly by the existence of suitable surroundings, and partly by 
the j)resence of barriers preventing migrations. Thus, certain 
contiguous regions might be equally suitable for the existence 
of the same animals, but they might belong to different zoolo- 
gical provinces, if separated by any impassable barrier, such as 
a lofty chain of mountains. Owing to their power of flight, the 
geographical distribution of birds is much less limited than 
that of mammals ; and many migratory birds may be said to 
belong to two zoological provinces. In spite of their j)owers 
of locomotion, however, birds are limited l)y the necessities of 
their life to definite areas, and a zoological province may be 
marked by its birds just as well as by its (juadrupeds. 

The geographical distribution of an animal at the present 
day by no means necessarily coincides with its former exten- 
sion in space. Many species are known which now occupy a 
much more restricted area than they did formerly, owing to 
changes in climate, the agency of man, or other causes. Simi- 
larly, there are species whose present area is much wider than 
it was originally. 

At the present day, naturalists usually adopt either the zoo- 
logical provinces proposed by Prof. Huxley, or those proposed 
by Mr Sclater, both arrangements possessing certain features 
in common. Prof. Huxley proposes to divide the earth’s sur- 
face into four primary zoological provinces, as follows, each 
possessing its own “fauna,” or characteristic assemblage of 
animals : — 

I. Oniithogd'a, or the Novo-Zelanian Province^ comprising 
only New Zealand. 

H. Antarctogiea, or the Australian Province^ comprising 
Australia, Tasmaniva, and the Negrito Islands. 

III. Dendrogeea^ or the Austro-Columbian Province^ includ- 
ing South America, Central America, and Mexico. 

IV. Arctogcf.a, including all the rest of the world, and having 
as sub-provinces,— 
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1. North America, north of Mexico. 

2. Africa, south of the Sahara. 

3. Hindostan. 

4. The remainder of the Old World (Europe, Africa 

north of the Sahara, Asia generally, but without 
Hindostan, &c.) 

Mr Sclater, basing his arrangement primarily on the distri- 
bution of birds, divides the earth’s surface into the following 
six provinces : — 

1. The Pahmrctic Province^ including Europe, Africa north 
of the Atlas Mountains, and Northern Asia. 

2. The JPJhopian Province^ including Africa south of the 
Atlas Mountains, and Southern Arabia. 

3. The Indian Province^ including Asia south of the Hima- 
laya Mountains, Southern China, and the Indian Archipelago. 

4. The Australian Proinnce^ including Australia, Tasmania, 
New Guinea, New Zealand, and a large proportion of the 
islands of the Pacific Ocean. 

5. The Nearctic Province^ including North America down to 
the centre of Mexico. 

6. The Neotropical Province^ including the whole of South 
America, Central America, and Southern Mexico. 

The vertical or bathymetrical distribution of animals relates 
to the limits of depth within which each marine species of 
animals is confined. As a rule it is found that each species 
has its own definite bathymetrical zone, and that its existence 
is difficult or impossible at depths greater or less than those 
comprised by that zone. Generalising on a large number of 
facts, naturalists have been able to lay down and name certain 
definite zones, each of which has its own special fauna. 

The five following zones arc those generally accepted - 

1. The Littoral zone, or the tract between tide-marks. 

2. The Laminarian zone, from low water to 15 fathoms. 

3. 'Fhe Coralline zone, from 15 to 50 fathoms. 

4 The deep-sea Coral zone, from 50 to 100 fathoms. 

5. To these must now be certainly added a fifth or “Abys- 
sal ’’ zone, extending from 100 fathoms to a depth of 3000 or 
4000 fathoms. 

Recent researches, however, have rendered it certain that 
after a certain depth, say ibo fathoms, the bathymetrical dis- 
tribution of animals is conditioned not by the depths but l)y 
the temperature of the water at the bottom of the sea. ' Similar 
forms, namely, are always found inhabiting areas in which the 
bottom-temperature is the same, wholly irrespective of the 
depth of water in the particular locality in question. 'Fhe 
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supply of food, also, and the nature of the habitat, are im- 
portant elements of the case. In the light, therefore, of these 
recent facts, it would perhaps be advisable to adopt the views 
of Dr Gwyn Jeffreys, and to consider that there are only two 
principal bathymetrical zones — namely, the littoral and the 
submarine. The researches of the Challenger Expedition 
have also shown that at depths beyond 500 fathoms, the fauna 
presents essentially the same features all over the world, deep- 
sea genera usually possessing a cosmopolitan range. 

In addition to the preceding forms of distribution, the 
zoologist has to investigate the condition and nature of animal 
life during past epochs in the history of the world. 

'The laws of distribution in time,, however, are, from the na- 
ture of the case, less perfectly known than are the laws of 
lateral or vertical distribution, since these latter concern beings 
which we are able to examine directly. The following are the 
chief facts which it is necessary for the student to bear in mind : — 

1. The rocks which compose the crust of the earth have 
been formed at successive periods, and maybe roughly divided 
into acpieous or sedimentary rocks, and igneous rocks. 

2. I'he igneous rocks are produced by the agency of heat, 
are mostly unsiratificd (/.<?., are not deposited in distinct layers 
or strata)^ and, with few exceptions, are destitute of any traces 
of i)ast life. 

The sedimentary or aqueous rocks owe their origin to 
tlie action of water, are stratified (/>., consist of separate layers 
or strata), and mostly exhibit “ fossils — that is to say, the 
remains or traces of animals or plants which were in existence 
at the time when the rocks were deposited. 

4. The scries of a(|ueous rocks is capable of being divided 
into a number of definite groups of strata, which are technically 
called formations.” 

5. Each of these definite rock-groups, or ‘‘formations,” is 
characterised by the occurrence of an assemblage of fossil 
remains more or less peculiar and confined to itself. 

6. The majority of these fossil forms are “ extinct ” — that is 
to say, they do not admit of being referred to any species at 
jiresent existing. 

7. No fossil, however, is known, which cannot be referred 
to one or other of the primary subdivisions of the Animal 
Kingdom which are represented at the present day. 

<S. When a species has once died out it never reappears. 

9. The older the formation, the greater is the divergence 
between its fossils and the animals and plants now existing on 
the globe. 



Paleozoic. Mesozoic. Kainozoic. 


54 


MANUAL OF ZOOLOGY. 


Ideal Section of the Crust of the F.arth. 
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10. All the known formations are divided into three great 
groups, termed respectively Palaeozoic or Primary, Mesozoic 
or Secondary, and Kainozoic or Tertiary. 

The Palaeozoic or Ancient-life period is the oldest, and is 
characterised by the marked divergence of the life of the period 
from all existing forms. 

In the Mesozoic or Middle-life period, the general facies of 
the fossils approaches more nearly to that of our existing fauna 
and flora ; but — with very few exceptions — the characteristic 
fossils are all specifically distinct from all existing forms. 

In the Kainozoic or New-life period, the approximation of 
the fossil remains to existing living beings is still closer, and 
some of the forms are now specifically identical with recent 
species ; the number of these increasing rapidly as we ascend 
from the lowest Kainozoic deposit to the Recent period. 

Subjoined is a table giving the more important subdivisions 
of the three great geological periods, commencing with the 
oldest rocks nnd ascending to the present day (fig. 5). 

1. Pal/eozoic or Primary Rocks. 

1. Laurentian. (Lower and U])per.) 

2. Cambrian. (Lower and Upper, with Huronian rocks?) 

3. Silurian. (Lower and Upper.) 

4. DevoniaUj or Old Red Sandstone. (Lower, Middle, and 
Upper.) 

5. Carboniferous. (Mountain-limestone, Millstone-grit, and 
Coal-measures.) 

6. Permian. ( = the lower portion of the New Red Sand- 
stone.) 

11. Mesozoic or Secondary Rocks. 

7. Triassic Rocks. (Bunter Sandstein, or Lower Trias; 
Muschelkalk, or Middle Trias ; Keuper, or Upper Trias.) 

8. Jura.ssic Rocks. (Lias, Inferior Oolite, Great Oolite, 
Oxford Clay, Coral Rag, Kimmeridge Clay, Portland Stone, 
Purbeck beds.) 

9. Cretaceous Rocks. (Wealden, Lower Greensand, Gault, 
Upper Greensand, White Chalk, Maestricht beds.) 

III. Kainozoic or Tertiary Rocks. 

16. Eocene. (Lower, Middle, and Upper.) 

1 1. Miocene. (Lower and Upper.) 

12. Pliocene. (Older Pliocene and Newer Pliocene.) 

13. Post-tertiary. (Post-pliocene and Recent.) 
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CHAPTER 1. 

I. General Characters of the Protozoa. 

2. Classification. 3. Gregarinida. 

I. Gcfieral Characters, — The sub-kingdom Pf‘oiozoa^ as the 
name implies, includes the most lowly organised members of 
the animal kingdom* From this circumstance it is difficult, if 
not impossible, to give an exhaustive definition, and the fol- 
lowing is, perhaps, as exact as the present state of our know- 
ledge will allow : — 

The Protozoa may be defined as animals,, generally of minute 
size, composed of a nearly or altogether structureless jelly-like sub- 
stance (termed sarcode^'), s hoboing no composition out of definite 
parts or segments, having no definite body-cavity, presenting no 
traces of a nervotis system, and having either no differentiated 
albnentary apparatus, or but a very rudimentary one. 

The Protozoa are almost exclusively aquatic in their habits, 
and are mostly very minute, though they sometimes form 
colonies of considerable size. They are composed of contrac- 
tile, jelly-like protoplasm, often known by the name of sar- 
code,*^ which is semi-fluid in consistence, and is composed of 
an albuminous base with oil -globules scattered through it. 
Granules are generally developed in the sarcode, and in many 
cases there is a definite internal solid particle, termed the 
“ nucleus.*' 

In many of the Protozoa the protoplasm is not surrounded 
by a definite outer envelope, thus permanently remaining in 
the condition of a mere “cytode." In other cases, how- 
ever (Infusoria), such an outer envelope exists and a central 
nucleus ** is present, when the organism may be compared 



PROTOZOA. 


57 


with a single ‘‘cell** in one of the -higher animals. The 
Sponges, again, if they* are to be retained in the Protozoa^ are 
“multicellular” organisms. 

In no Protozodn are any traces known of anything like the 
nervous and vascular arrangements which are found in animals 
of a higher grade. A nervous system is universally and en- 
tirely absent, and the sole circulatory apparatus consists in 
certain clear spaces called “contractile vesicles,” which are 
found in some species, and which doubtfully perform the 
functions of a heart. A distinct alimentary aperture is present 
in the higher Protozoa^ but in many there is none ; and in all, 
the digestive apparatus is of the simplest character. Organs of 
generation, or at any rate differentiated portions of the body 
which act as these, are sometimes present ; but in many cases 
true .sexual reproduction has not hitherto been shown to exist. 

The “sarcode,” which forms such a distinctive feature in 
all the Protozoa^ is merely undifferentiated protoplasm, not 
I)ossessing “ permanent distinction or separation of parts,” but 
nevertheless displaying all “ the essential properties and char- 
acters of vitality,” being capable of assimilation and excretion, 
of irritability and of the power of contraction, so as to produce 
movements, strictly analogous, in many cases, to the muscular 
movements of the higher animals. In some, too, the sarcode 
possesses the power of producing an external case or envelope, 
usually of carbonate of lime or flint, and often of a very com- 
plicated and mathematically regular structure. 

The power of active locomotion is enjoyed by a great many 
of the Protozoa ; but in some cases this is very limited, and 
in other cases the animal is permanently fixed in its adult 
condition. The apparatus of locomotion in the Protozoa is of 
a very varied nature. In many cases, especially in the higher 
forms, movements are effected by means of the little hair-like 
processes which are known as “cilia,” and which have the 
power of lashing to and fro or vibrating with great rapidity. 
In other cases the cilia are accompanied or replaced by one or 
more long whip-like bristles, which act in the same fashion, 
and are known as “flagella.” The most characteristic organs 
of locomotion amongst the lower Protozoa are known as 
“pseudopodia,” and consist simply of prolongations of the 
sarcodic substance of the body, which can usually be emitted 
from the greater portion of the general surface of the body, 
and are capable of being again retracted, and of fusing com- 
pletely with the body-substance. 

2. Classification of the Protozoa. — The sub-kingdom Protozoa 
is divided into three classes— »-viz., the Gregarinida^ the Rhizo- 
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poda^ and the Infusoria. In the Infusoria only is a mouth 
present, and hence these are sometimes spoken of as the 
“ Siomatode'* Protozoa^ whilst the two former classes collec- 
tively constitute the As/omafa” 

The following is a tabular view of the divisions of the 
Protozoa ; — 

Ckrss I. Gregarinida. : 

Glass II. Rhizopoda. 

// V t/ ' ^ / '■ . .. 

Order i. Mo7iera. 

„ 2. A7ncebea. 

„ 3. Fora77iinifera. 

,, 4. Radiolaria. 

„ 5. Spo7tj:^ida. 

('lass 111. Infusoria. 

Order i. Suctoria, 

%i Ciliata. 

'> • i^-Flagdlata. ^ . t 

3. Class 1. Greg akin id a, — The G7r^arinida may be de- 
fined as parasitic P7'otozoa, which a7'e destitute of a 77wuth^ and 
do 7wt possess the power of e77iitti7ig pseitdopodia^ They con- 
stitute the lowest class of the Protozoa^ and comprise certain 
microscopic animals which are parasitic in the alimentary canal 
of both Invertebrate and Vertebrate animals. They have, 
however, a s])ccial liking for the intestines of certain insects, 
being commonly found abundantly in the cockroach. As 
we shall see hereafter, in all probability a great deal of the 
degraded character of the Gregarmida is due to the fact that 
they are internal parasites, and are therefore not dependent 
upon their own exertions for food. 

Nothing anatomically could be more simple than the struc- 
ture of a Gregarina^ since it is almost exactly that of a cell, 
such as the impregnated ovum (fig. 6, b). An adult Gregarina, 
in fact, may be said to be a single cell, consisting of an ill-de- 
fined membranous envelope filled with a more or less granular 
sarcode with fatty particles, and sometimes differentiated into 
a distinct contractile “ cortical layer,'’ which contains in its in- 
terior a vesicular nucleus, this in turn enclosing a solid particle, 
or nucleolus. In some the body exhibits an approach to a more 
complex structure by the presence of internal septa ; but it is 
doubtful whether this appearance may not be due to the appo- 
sition and fusion of two separate individuals. A separate order, 
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however, has been founded upon individuals of this kind, under 
the name of Dicystidea; the name Monocystidea being retained 
for the ordinary forms. As regards the size of the Gregarince, 
they vary from about the size of the head of a small pin up 
to as much as half an inch in length, when they assume the 
aspect of small worms. The integument or cuticle wijh which 
the protoplasmic body is enclosed may be quite smooth or 
striated, or it may be furnished with bristles or spines, or even 
in some cases with cilia. Sometimes one end of the body is 
furnished with uncinate processes, very similar in appearance 
to the hooked “head^’ of the common tape-worm {Tesnia 
solium). Essentially, however, the structure of all appears to 
be the same. No differentiated organs of any kind beyond 
the nucleus and nucleolus exist, and both assimilation and 
excretion must be performed simply by the general surface of 
the body. The body is, nevertheless, contractile, and slow 



Fig. 6.— Morphology and development of Gregarinida (after Stein and Lieberkiihn). 
a Stylorhynchus oligacanihus, a “ dicystidean” Gregarine ; t Gregarine of the 
earth-worm (*' monocyslidean ”); c The same encysted; d Further stage of the 
same, with the contents divided into “ pscudonavicellae ; ” e Free “ pseudonavi- 
cellae ;” / Amcebifonn mass of protoplasm liberated from a pseudonavicella ; g and 
h Active forms ofy. All the figures are greatly enlarged. 


movements can be effected, not, however, by pseudopodia. 
Hneckel regards the Gregarinm as Amosbee which have become 
degenerate by parasitism ; but this opinion is rejected by Van 
Beneden, and their apparently unicellular structure would 
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rather lead us to place them in the neighbourhood of the 
Infusoria. The presence of muscular fibres in the cortical 
layer will also support the view that they should be associated 
with the Infusorian animalcules. 

In spite of their exceedingly simple structure, the following very in- 
teresting reproductive phenomena have been observed sometimes in a 
single Gregarina without apparent cause, sometimes as the result of the 
apposition and coalescence of two individuals— the exact nature of the 
process being in either case obscure. In some species conjugation is in- 
variable ; in others it never occurs ; and it may take place either by anal- 
ogous or by opposite extremities. The Gregarina—ox it may be two in- 
dividuals which have come into contact and adhered together— assumes a 
globular form, becomes motionless, and develops round itself a structure- 
less envelope or cyst, w’hen it is said to be “encysted’* (fig. 6, c). The 
central nucleus then disappears, apparently by dissolution, w'hereupon 
the granular contents of the cyst break up into a number of little rounded 
masses, which gradually elongate and become lanceolate, when they arc 
termed “ pseudonavicellce ” (or “pseudonaviculx',” fig. 6, r/). The next 
step in the process consists in the liberation of the pseiidonavicelloe, which 
escape by the rupture of the enclosing cyst (fig. 6, <*). If they now find a 
congenial habitat, they give origin to little albuminous or sarcodic masses, 
which exhibit lively movements, and are endowed with the power of 
throwing out and retracting little processes of the body which closely 
resemble the “pseudopodia” of the Rhkopodn ; so that the pseiidona- 
vicella in this condition is very similar to an adult Ama'ba (fig. 6, / h). 

Finally, these ama*biform bodies are developed into atlult Gregarimv, 
It will be seen from the above that the formation of the psciulonavicelke 
out of the granular contents of the body, subsequent to the disappearance 
of the nucleus, presents a close analogy to the segmentation of the impreg- 
nated ovum which follows upon the dissolution of the germinal vesicle. 
In Gres^arhia f^igantca of the Lobster the embryo is a little mass of sarcoile, 
quite like an Ama'ba except that it w^ants a nucleus and contractile vesicle. 
It soon gives out two little contractile processes or arms, which become 
detached and move about like little worms, when they are termed “pscudo- 
filarioe,” from their resemblance to free Ncmatoids. After a period of 
activity, the pseudo- filarian becomes quie.sccnt, shortens its dimensions, 
develops a nucleus and nucleolus, and becomes an adult Gregarina, 

PsoROSPERMi/E. — There occur as parasites on and within the bodies of 
fishes certain vesicular, usually caudate, bodies, termed Psoras per mi th(.‘ 
exact nature of which is very problematical. According to Licbcrkiihn 
they occasionally give origin to amoebiform bodies, similar to those which 
are liberated from the pseud onavicelhx of Gregarinida, In this case they 
should probably be regarded as the embryonic forms of some Gregarina. 
By Balbiani, however, they are looked upon as properly belonging to the 
vegetable kingdom. 
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CHAPTER II. 

RHIZOPODA. 

General Characters of the Rhizopoda. — The Rhizopoda 
may be defined as Protozoa which are destitute of a mouthy are 
shnple or compound, and possess the poiuer of emitting pseudo- 
podia^ They are mostly small, but some of the composite 
forms, siich as the sponges, may attain a very considerable 
size. Structurally, a tyj)ical Rhizopod — as an Amoeba — is 
composed of almost structureless sarcode, without any organs 
appropriated to the function of digestion, and possessing tlie 
power of throwing out processes of its substance so as to con- 
stitute adventitious limbs. These are termed “ pseudopodia,’' 
or false feet, and are usually protrusiblc at will from different 
parts of the body, into the substance of which they again 
melt when they are retracted. They are merely filaments of 
sarcode, sometimes very delicate and of considerable length, 
at other times more like finger-shaped ])rocesses ; and they 
are identical with the little processes which ('an be thrown 
out by the white lorpuscles of the blood and by jnis-cells. 
Indeed, it has been remarked by Huxley that an Amicba is 
structurally a mere colourless blood-corpuscle, leading an 
independent life,” 

'riie class Rhizopoda is divided into five orders — viz., the 
Monera, the Amoebea, the Fora min if era, the Radiotar ia, and 
the Spon^Ada, of which the last is occasionally considered as a 
sei)arate class, or is removed entirely from the Protozoa. 

Order T. Monera. — This name has been proposed by 
Haickel for certain singular organisms which may provisionally 
h'C regarded as the lowest group of the Rhizopoda, I'hey are 
very minute in size, and are distinguished by the fact that 
the body is composed of structureless sarcode, caj)able of emit- 
ting thread-like prolongations or pseudopodia, but destitute 
of either nucleus or contractile vesicle. The pseudopodia are 
mostly in the form of delicate filamentous processes of sarcode, 
which exhibit a circulation of minute molecules and granules 
in their interior and along their edges. Sometimes the }^seii- 
dopodia may be simple, as in Protatmxba (fig. 7, a), or tliey 
may be ramified and anastomosing, as in Protoe^aics. 'The 
form of the body, though very mutable, may be simple ; or 
the organism may form a kind of colony of i)rotopIasmic 
masses united by their interlacing pseudopodia (as in Myxo- 
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dictyon). Sometimes the organism passes through a quiescent 
stage, alternating with an active and locomotive phase of 



Fig. 7. — Morphology of Monera. a Protamoeba porrecta ; b Prototnyxa anniti' 
tiaca ; c The same in an encysted condition. Greatly magnified. 


existence. No hard covering or ‘‘test” is ever developed. 
Reproduction is mostly by fission, with or without precedent 
eiicystation (fig, 7 , b and c) and quiescence. All the Monem 
live in water, and their systematic position is uncertain. From 
the general nature of the pseudopodia, and the fact that the 
sarcode is not differentiated into an “ ecto.sarc ” and an “ en- 
dosarc,’' they appear to be most nearly allied upon the whole 
to the Foraviinifera, from which they differ chiefly in the 
absence of a shell defending the soft protoplasm of the body, 
as well as in the constant absence of a nucleus. 

The name of Bathybiits was given by Professor Huxley to a structure 
believed to consist of irregular, formless, diffused masse.s of protoplasm, 
without nucleus or contractile vesicle, found at great depths in the .sea ; 
and, if organic, the place of Bathybius would be amongst the Moncni. 
More recently, however, Professor Huxley and Sir Wyville Thomson have 
expressed the opinion that Bathybiits is not really a living organism at all ; 
and it only requires mention here because a similar structure, the true 
nature of which still require.s investigation, has recently been described by 
Be.ssels under the name of Frotobathybius, 


Order TI. AMrEUEA. — 'Hiis order comprise.s tho.se Fht- 
zopoda 7uhich are, unth feint exceptions, naked ; have usually 
short, blwit, lobose pseudopodia, which do not anastomose unth 
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one another ; aiid contain a nucleus*' and one or more ^'‘contrac- 
tile vesicles," 

The Aniaba^ or Proteus-aninialcule, may be taken as the 
type, and a description of it will be sufficient to indicate the 
leading points of interest in the order. The Amoeba (fig. 8, B) 



8. — A, Ania'ihr developed in org.nnic infusions (after Beale), L^rcatly cnlar.:ed ; 
.Ima'/ui />yi/n\'/>s (after Carter); r' Villous region; c Contractile vesicle; « Nu- 
cleus ; i' Fetusarc. 


is a microscopic animalcule, which inliabits fresh water,'" and is 
composed of gelatinous sarcode, which admits of a separation 
into two distinct layers : an outer transparent layer, termed the 
“ ectosarc ; " and an inner, more fiiiid and mobile, molecular 
layer, called the “endosarc.” The ectosarc ” is highly ex- 
tensile and contractile, and is the layer of which the pseudo- 
l)odia are mainly composed ; whilst the “ endosarc " contains 
the only organs possessed by the animal — viz., the ‘‘nucleus” 
and “ contractile vesicle” or vesicles, along with certain for- 
tuitous cavities termed “ food-vacuoles.*' 

Tt is believed by some that the ectosarc is surrounded by a 
colourless and structureless investing meml)rane or cuticle ; but 
this is denied by others. Be this as it may, there is no oral 
aperture, so fixr as has ever been certainly observed, and the food 
is merely taken into the interior of the body by a process of 
intussusception — any portion of the surface being chosen for 
this purpose, and acting as an extemporaneous mouth. W'hen 
the particle of food has been received into the body, the aper- 
ture by which it was admitted again closes up, and tlie dis- 
charge of solid excreta is effected in an exactly similar manner. 

* Greuff has shown tliat some species o( Am a’/hi (such as . tcn'uoia) 
inhabit moist sand or earlli. 
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In this case, however, the area of the general surface within 
which an anus may be extemporised, appears to be more re- 
stricted, and to comprise a portion only of the body (“ villous 
region ”). 

The “ nucleus ” (fig. 8) is a solid granular body, or a clear 
vesicle containing a “nucleolus^* in its interior, one or more of 
which is present within the endosarc of every Amoeba^ but its 
function is not known with any certainty. The ‘‘contractile 
vesicles ” are cavities within the endosarc, of which ordinarily 
one only is present in the same individual, though sometimes 
there are more. In structure it is a little cavity or vesicle filled 
with a colourless fluid apparently derived from the digestion, 
and exhibiting rhythmical movements of contraction {systole) 
and dilatation (diastole). In seme cases radiating tubes are said 
to have been seen proceeding from the vesicle at the moment 
of contraction. Regarded functionally, the contractile vesicle 
may be looked upon as a circulatory organ ; in which case, it 
offers the most rudimentary form of a vascular system with 
which we are as yet acejuainted. By others, however, the con- 
tractile vesicle is believed to be filled with water from the 
exterior, and it is regarded as a rudimentary form of water- 
7'ascular system ; while others regard it as an excretory organ. 

Besides these proper organs, the endosarc usually contains 
clear spaces, which are called “ vacuoles,’* or, more properly, 
“ food-vacuoles.” These spaces (though sometimes rhythmic- 
ally contractile) are of a merely temporary character, and are 
simply produced by the presence of particles of food, usually 
with a little water taken into the body along with the food. 

There are no traces of any organs of sense, or of a nervous 
system, or, indeed, of any other organs in addition to those 
already described. Locomotion is effected with moderate 
activity, but in an irregular manner, by means of the blunt, 
finger-shaped processes of sarcode, or pseudopodia, which can 
be protruded at will from any part of the body, and can be 
again retracted within it. The pseudopodia also serve as pijt- 
hensile organs ; but they do not interlace and form a network, 
nor do they exhibit any circulation of granules derived from 
the endosarc, as in many others of the Rhizopoda. 

As regards the reproductive process in the A/aa’ba, no dif- 
ferentiated sexual organs have hitherto been discovered, and 
the true sexual form of the process is therefore unknown. 
Fresh individuals, however, may be produced in three ways : 
Firstly^ by simple fission, the animal dividing into two parts, 
each of which becomes an independent organism. Secondly, 
by the detachment of a single pseudopodiiim, which becomes 
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developed into a fresh Amoiba, I'kirdlf, by the production 
of little spherical masses of sarcode, which may be derived from 
the nucleus by fission, or may be produced by a segmentation 
of the endosarc, the animal having previously become torpid, 
and the nucleus and contractile vesicle having disappeared. 
These little masses, however produced, develop themselves 
when liberated into ordinary Ama'bce. This last method of 
rei)roduction is obviously very closely analogous to the pro- 
duction of “ pseudonavicclloe in an encysted Gregarina. 


The romaniing members of the Am<r/u-n are const meted more or less 
I losely after the type of the Antaba itself. In the nearly allied J)iJJhtgiti^ 
file sarcode forming the body of the animal 
is invested with a membranous envelope or 
“carapace,” strengthened by grains of sand 
and other adventitious solid particles, and hav- 
ing a single aperture at one extremity, through 
which the [)seiidopodia are protrude<l (tig. 

9). 'file animal generally crec]>s about head- 
downwaixP, so to speak ; that is to say, with 
the closed end of the carapace elevated 
aliove the surface on which it is moving. 

exhibit the phenomenon 
known as “conjugation” or “zygosis.” 

Under these circumstances, two 
come in contact ; the mouths of the two tests 
are brought together ; the two animals (low 
1 lack wards and forwards into each other's 
tests, with an a]iparently complete incorpora- 
tion ; and finally they separate again, and 
each retires to its own test. In Anrlia there 
Is a discoid or basin-shaped carapace, secreted 
l>y the animal itself, and likewise possessing 
but a single pseiulopodial aperture, placed in 
this case on the flat surface of the body. One 
s]iecies of ArccUa (viz., A. airuaria) is tei- 
restrial in its habits. 

In Pampha^us there is no carapace, but the 
])seud(tpo(lia arc nevertheless protrusible from 
one extremity only of the ImmIv. the remainder 
of the surface appealing to be «)f too resistant 
a consistence to allow of this. CiH'biiopodium 
is like Arcclla^ but the test is <|uite tlexible. 

Pscndochlaiuys^ Hvi'dosphenia^ Quadruhu ^:c., are other fresh-water Khi/o 
[lods more or less closely allied to Anilla ami but often e\ 

liihiting interesting and remarkable moilifiealions of structure. 







pyri/orttfi.s, 
jirc.illy enlarnecl. (.Ahert:*! 
slij'htly from farter.) I'he te-.t 
is eomposevl of anuular .lius 
of tvai'.sparent uicwl?, \Nitlnn 
\\liieli is the transparent ci.lo 
sare, lined by the finely gr.mii 
lar emlosarc. >t NuLleu:> ; < ■ 
f on t raet i le ve.sieles. 


The Ama'bca may be divided into two sub-orders : i. Awa'- 
bina^ including those forms which have the body naked ; and 
2. ArccUina,^ comprising those in which the body is ])rotc('tcd 
by a carapace. The latter are included by llcrtwig and Lesser 
along with Gromia and the typical Fora min if era in a common 
group, to which they give tlie name of Thalamophora. The 
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blunt and lobose character of the pseudopodia in the 'Arcellina 
would, however, appear to be a more important character than 
the possession of a test, and would assign to these forms a 
position close to Amaba, 


CHAPTER III. 

F ORAMINIFERA, 

Order III. Foraminifera. — The Foraminifera may ])e de- 
fined as Rhizopoda in lidiich fhc body is protected by a shell or 
“ testP composed of carbonate of Itmc, or of sand-grains cemented 
together^ or, rarely, of chit hie ; there is no distinct separation of the 
sarcodc of the body into ectosarc and endosarc, and a nucleus and 
contractile vesicle are present in at any rate some cases. 71ic 
pseudopodia are long and fihmicntous, and interlace with one an- 
other to form a network. 

The Foraminifera are specially characterised by the posses- 
sion of a “test^’ or external shell, which is usually composed 
of carbonate of lime, but is often composed of grains of sand 
or other adventitious solid particles cemented together by 
animal matter, or which, as in Gromia, may be simt)ly chitin- 
ous. The test may be composed of an aggregation of cham- 
bers or ‘Moculi” (fig. II, c), or of a single chamber only, and its 
walls are usually pierced by numerous pores or “ foramina ” 
through which the pseudopodia are protruded ; the place of 
these being in other forms supplied by the large size of the 
terminal, or oral, aperture of the shell (fig. lo, b), the walls 
themselves being imperforate. The presence or absence of 
foramina in the shell- walls is believed to constitute a genuine 
structural distinction, and the Foraminifera may be thereby 
divided into two great groups {Perforata and Imperforata). 

As regards the soft parts of the Foraminifera, the body is 
composed of extensile and contractile sarcode — usually red- 
dish or yellowish in colour — which not only fills the interior of 
the shell, but generally invests its outer surface also with a thin 
film, from which the pseudopodia are emitted (fig. lo, b). The 
test, therefore, in this case, is not a true cuticular secretion, 
like that of the Mollusca, but it is truly immersed within the 
sarcode of the body. The sarcode is not differentiated into a 
distinct ectosarc and endosarc, and until recently was believed 
to be devoid of a nucleus and contractile vesicle, and, indeed. 
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of any organs or specialised parts of any kind. Recent re- 
searches, by Hertvvig and ¥. E. Schultze, have, however, shown 



the presence of a nucleus and of contractile vesicles in, at any 
rate, some of Llie Foramiuifera ; and these structures are, there- 
lore, probably present in all. Even in the polythalamous forms 
there seems to be, as a rule, only one nucleus, so that the or- 
ganism morphologically may be regarded as a single cytode. 

The ])seudopodia in all the Foraminifera (fig. ir, ^tre 
filamentous and protrusible to a great length- and they possess 
the singular property of uniting together in various directions 
so as to form a kind of network, like an “ animated spider s 
web.” (Hence the name Reticidosa applied to the order by 
Dr Carpenter.) This property, however, is not peculiar to 
members of this order, but is seen also in Actmophrys and in 
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tlie Thalassicollida, though to a less extent. Further, through- 
out the entire network formed by tlie inosculating pseudo- 



Fii'. 1 1. —Morphology of Foraminifera. a Lametta a monoihalatnous Foni- 

ininifcr ; /» Miliola (after Scliultze), .sho>\ing the pseiulopodia protriidctl from the oral 
.iperture of the shell ; c Discorhina (after Schult/c), showing the nautiloid shell with 
the foramina in the shell-wall giving exit to psgudopodia ; d Section of Xodnsarm 
(after Carpenter) ; e Nodosaria hispida ; f GlobigeriJia bullflidt's. 

podia there is a constant circulation of minute protoplasmic 
granules in different directions. 

The shells of Foraininifera may be classed, according to 
their composition, in three divisions, termed respectively the 
‘‘ porcellanous,” the hyaline” or “vitreous,” and the “aren- 
aceous.” The porcellanous shell is calcareous and (piite homo- 
geneous in its composition, is opaque-white when seen by re- 
flected light, and is not perforated by pseudopodial foramina. 
In these forms Miliola^ fig. ii, the pseudopodia are 

emitted solely from the mouth of the last-formed segment of 
the shell. The vitreous shell is also calcareous in composi- 
tion, but is transparent and glassy in texture, and its walls are 
perforated by numerous pseudopodial apertures. The aren- 
aceous Fora77iinifera (fig. 12 ) are among the largest of the 
living types, the test being sometimes half an incli or more 
in length. In its nature, the test is normally composed of 
siliceous particles embedded in an apparently chitinous matrix, 
with a notable proportion of peroxide of iron and a small 
percentage of carbonate of lime (H. B. Brady). It should be 
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noted, however, that the test of Miliola^ though normally cal- 
careous and porcellanous, has been shown by Mr H. B. Brady 
to occasionally assume arenaceous characters, or even, when 



I' ljj;. la -• Shells of Arenaceous Foraminifera. A, Test of Astrorhi:,ay greatly enlarged ; 
15, 'JVsl of Troi.kiiniininti ringt'tts^ enlarged thirty times; C, Test ol ’[ rochammina 
litui/ornns^ enlarged eighteen limes. (After Carpenter and 15rady.) 


obtained from very great depths, to be comi>osed of pure 
hyaline silica. It would appear, therefore, that the composi- 
tion of the shell is liable to variation, in accordance with the 
nature of the materials obtainable at any j)arti('ular station by 
the organism, so that too great stress cannot be laid u])on 
this character in classification. As a rule, the arenaceous test 
is imperforate, and the j)seiulopodia are emitted by the ter- 
minal aperture of the shell ; but cases are not unknown in 
whii:h the walls are porous. P'inally, there is a group of forms 
in wliich the test (as in Grom 'ni) is com])osed simjdy of chitine. 

In some of the JAnarn'mifera^ hence called '‘simple’' or 
“unilocular” {Monothahvnia), the shell consists of a single 
( hamber, and the animal is, in fact, nothing more than a little 
mass of sarcode enveloj)ed in a calcareous covering. Lagcna 
(fig. II, a) with its beautiful tlask-shaped shell, nuay be haken 
as the type of this division. Another well-known unilocular 
form is E?ilosoleniay which is like Lagcfia in shape, but has the 
tubular neck reversed, so as to be inserted into the interior of 
the test. In the more complex Foraminiferay the sarcode of 
the body undergoes a subdivision into partially separated seg- 
ments, which may be jiroduced by a process of budding, or, 
perhaps, by the occurrence of constrictions in the growing 
protoplasm, and each of these segments becomes more or less 
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completely divided off from its neighbours, or enclosed by a 
wall of shell. In these “ multilociilar ” or “ polythalamous 
Foraminifera^ therefore, the shell ultimately comes to consist 
of a series of chambers, separated by partitions of the test, and 
filled with sarcode. The partitions, however, or ‘‘septa,’' 
between the different chambers, are perforated by one or more 
apertures, through which pass connecting bands, or stolons,” 
of sarcode; so that the sarcode occupying the different 
chambers is united into a continuous and organic whole. 
Each segment may give out its own pseudopodia through per- 
forations in its investing wall (fig. ii, r),,or the pseudopodia 
may be simply emitted from the mouth of the shell by the last 
segment only (fig. ii, b). In any case the direction in which 
the segments are developed is governed by a determinate law, 
and differs in different species, the form ultimately assumed by 
the shell depending wholly upon this. The forms, however, 
assumed by the shells of Foraminifera are extremely variable, 
even within the limits of a single species, and it would be 
impossible to notice even the chief types in this place. There 
are, however, two or three important variations which may be 
noticed. If the buds are thrown out from the primitive 
spherule in a linear series so as to form a shell composed of 
numerous chambers arranged in a straight line, we get such a 
type as Nodosaria (fig. ii, e). When the new chambers are 
added in a spiral direction, each being a little larger than the 
one which preceded it, and the coils of the spiral lying in the 
same plane, we get such a form as Discorbhia (fig. ii, ^), or 
Robulina. These are the so-called “ nautiloid ” Foraminifera, 
from the resemblance of the shell, in figure, to that of the 
Pearly Nautilus. From this resemblance the nautiloid Fora- 
minifera were originally placed in the same class as the Anr 
monites {Cephalopoda), but their true position was shown by the 
examination of their soft parts. In the typical nautiloid sliell 
the convolutions of the spiral all lie in one plane ; but in other 
cases, as in Rotalia, the shell becomes turreted or top-shaped, 
in consequence of the coils of the spiral passing obliquely 
round a central axis. 

In a few types of the Foraminifera [c,g,, in the Dactyloporichc) the succes- 
sive chambers of the multilocular test have no direct communication with 
one another, and simply cohere by their walls. In the majority of the 
compound shells, the successive chambers arc so produced, that the septum 
jjetween any two of them is formed solely by the anterior wall of the older 
chamber, which thus constitutes the posterior wall of the newer one (fi^. 
II, e). In the highest types of the compound Forat7iinifei-a, however, 
each segment is provided with its own proper wall of shell, each segment, 
as it is produced, forming for itself a posterior wall which applies itself to 
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the anterior wall of the preceding segment, so that each septum (“septal 
plane ) is composed of izvo lamella;, as seen in fig. 13, A (Carpenter). 
Moreover, “in the higher types of the hyaline or vitreous series we 
frequently meet with an ‘ intermediate ’ or ‘supplemental ’ skeleton, formed 



C D 


13. " A, niagram of one of the higher forms of the vitreous Foraminifern, showing 
the double nature of the sej)ta {f>), the stolon-passages between successive chambers 
{(i), and the supplemental skeleton (if) ; H, 'I’est of Cnlcarhiti Sfifnjrieri, magnified 
twelve tliamcters, showing the spines formed by the supplemental skeleton ; C, Part 
of a section of the test of Catotrina, magnified fifty diameters, showing the tubulated 
“ ))rop*;i- walls” of the chambers (;/), and the canal-system of the intermediate skeleton 
1), I’art of the lest of Nntumulhta highly magnified, showing the 

canal-system of the septa (j), and marginal cord («)• (After Carpenter.) 

l)y a secondary or exogenous deposit upon the outer walls of the chambers, 
by which they receive a great accession of strength. This deposit not only 
fills up what would otherwise be superficial hollows at the junctions of the 
chambers (fig. 13, A, t/), or (as in Folystomella) at the umbilical depression, 
but often forms a layer of considerable thickness over the whole surface, 
thus separating each whorl from that which encloses it ; and it is some- 
times prolonged into outgrowths that give a very peculiar variety to the 
ordinary contour, as in some varieties of Rotalia and PolystomcUa^ but 
most characteristically in Cakarina (fig. 13, 11 ). This intermediate or siq^- 
plemental skeleton, wherever developed to any considerable extent, is 
traversed by a .set of ‘ canals/ which arc usually arranged upon a syste- 
matic plan, and are sometimes distributed with considerable ininiitenoss ” 
(Carpenter). The canals of this system are doubtless filleil in the living 
state by prolongations of the sarct)de, which serve to keep up the vitality 
of the intermediate skeleton. This intermediate skeleton, with its canal- 
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system, is largely developed in many of the highest and largest of the types 
of the Hyaline Foraminifera (such as Nummulina)^ and very specially so 
in the ancient Evzoon^ if this be rightly regarded as a Foraminifer. 

The recognition of a ‘‘nucleus” in many Formninifera — and 
its probable presence in all — renders it necessary to unite with 
this group a number of fresh-water Rhizopods, which would 
otherwise have to be placed with the A^na^bea, and to which 
we may, in a restricted sense, apply Hertwig’s name of Thala- 
mophora.^ The test in the forms in question is always one- 
chambered, and in all except Diaphorophodon it is imperforate. 
It may be smooth or sculptured, and in composition it may be 
either membranous or chitinous, in some cases with adventi- 
tious siliceous particles in addition. Both a nucleus and con- 
tractile vacuoles are present in the protoplasm of the body ; 
and the pseudopodia are long and filamentous or reticulated. 
Of these simple “ Reticularian ” Rhizopods, Gromia (fig. lo, b) 
is both a marine and a fresh-water form, and possesses a deli- 



Fig. 14. — A colony of Microgromia socialise showing the different ineml)ers of the 
colony united by their branching pseudopodia. Greatly enlarged. (After llcrtwig.) 

cate membranous test, from a terminal aperture in which the 
protoplasm gains the exterior. Microgromia (fig. 14) resembles 

* Under the name Thalamophora, Hertwig and Lesser include the true 
Foraminifera^ the monothalamous Rhizopods above alluded to (with “ reti- 
cularian ” pseudopodia), and the Arcellina, The last of these, however, 
on account of their blunt, lobose pseudopodia, arc here placed in the order 
of the Amoebea. 
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Gromia in structure, but forms loose colonies by the root-like 
union of the pseudopodia of a number of individuals. It lives 
in fresh water, and reproduces itself by giving exit to amoeboid 
masses of protoplasm, each of which develops two flagella, 
thus constituting free locomotive swarm-spores.” Euglypha 
and Diplophrys are other forms allied to Gromia^ the tomer 
having an inflexible and sculptured test, while the latter has 
two oppositely-placed apertures in the shell, in place of a single 
terminal opening. 

Challengerida. — In the neighbourhood of Gromia we 
may, perhaps, place the singular marine Rhizopods which Sir 
Wyville Thomson has raised to the rank of a distinct order 
under the name of Challettgerida^ from the type-genus Challen- 
gcria. This group comprises minute Rhizopods enclosed in a 
monothalamous test of silica, the form of which varies, being 
globular, lenticular, flask-shaped, or triangular. The surface 
of the shell is usually sculptured, often with deeply sunk pits, 
and there is a single pseudopodial aperture, ‘‘ usually guarded 
by a beautifully-formed and frequently highly-ornamented lip” 
— (‘The Atlantic,* vol. ii. p. 341). The sarcode in the interior 
of the test is granular, with one or more nuclei, and with a 
number of brown or nearly black, compound, granular bodies. 

Classification of the Foraminifeka. — q'hc classification of the 
Fora mi u if era has proved a matter of considerable difficulty. Tlie older 
arrani;einenls were unnatural, as being based wholly on the form of the 
shell, a point in which the Foraminifera show a most marvellous variability, 
h’or this reason the artificial systems proposed by D’Orbigny and Max 
Schult/.c have now been generally abandoned, and their place has been 
taken by the schemes of classification jmt forward independently and 
almost simultaneously by I’rofessor Von Reuss upon the Continent, and by 
J)r (.'arpenter, Mr Parker, and Professor T. Rupert Jones in this country, 
both these arrangements agree in the essential feature that they di\ide the 
Foraminifera into two great primary divisitms, in accordance with the 
nature of the shelly investment. In the one division {Imperforata)^ the 
test is not perforated by psemh^podial apertures, and it may be either 
“ arenaceous ” or “ porcellanous. ” In the other division the test is ]'>er- 
forated by more or less numerous pseudopodial foramina, and to this 
division the name of IWforata is applied. The following tables exhibit 
the arrangements pro]iosed by Carpenter, Parker, and Rupeit Jones, on 
the one hand, a ml Reuss, on the other Iiand ; the former being the most 
natural, and the one most widely adopted : — 

Cd.ASSlFICATION OF THE FoKAMINIFER.A, ACCORDING TO CARTENTER, 

Parker, and Rupert Jones. 

. Sub-Order I. I m perforata. — Test membranous, calcareoius. or 
arenaceous, not perforated by pseudopodial foramina. 

Family i. Gromida. 

II 2. Miliolida, 

II 3. Lituolida, 
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Sub-Order II. Pereorata. — Test perforated by pseiulopodial fora- 
mina, generally calcareous. 

Family i. Lagcnida. 

M 2. Globigenuida. 

n 3. Nunimtdinida. 

Classification ok the Foraminifera accordino to Reuss. 

I. Foraminifera with a Non- perforate Test. 

A. With arenaceous tests. 

1. JJtuolidea. 

2. Llvdlidca. 

R. Witli compact, porcollanous, calcareous tests. 

1 . Sqtia mttl in idea . 

2 . Miliolidea. 

3. Peneroplidea. 

4. Orbitulitidca. 

ir. Foraminifera with a Perforate Tesp. 

A. With glassy, finely ])orous, calcareous tests. 

1. Spirillinidca. 

2. Oi'uiifidea. 

3. Rhabdoidea, 

4. Cristellaridea, 

5 . Polymorph i n idea . 

6. Cryptostegia. 

7. Textilaridea. 

8. Cassidulinidea. 

R, With an exceedingly porous, calcareous lost. 

I. Rotalidea. 

C. With a calcareous .shell, traversed by a ramified canabsy.stem. 

1 . Polyslomellidea. 

2. Niimmidilidea, 

With regard to the classification of the P'oraminiferaf the author may lie 
excused for cjuoting some remarks on this subject made by Mr Henry 
Rowman Rrady, F. R.S., one of the highest living authorities on this group 
of organisms ; since they not only have a most important bearing upon the 
special point in question, but forcibly express the principles which should 
guide the philo.sophic naturalist in his systematic treatment of all such vari- 
able forms of life:* “A purely artificial classification is ill adapted to 
the conditions presented by a class of organisms like the Pora?ninifera^ 
largely made up of groups of which the modifications run in parallel lines. 
This ‘ isomorphism,’ demonstrated chiefly by the labours of Messrs Parker 
and Jones, whilst it is the source of most of the difficulties the syslematist 
has to contend with, is, at' the same time, the key to the natural history of 
the order. It exists not merely between a single series, in one of the 


* The remarks here quoted are taken from the introduction to Mr 
Rrady’s admirable ‘Monograph of the Carbonifeious Foraminifera of 
(ircat Britain.^ 
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larj;er divisions, and a sinjjle series in anjother, but often amongst several 
series even of the same family. It not unfrequently happens that a mem- 
ber of one group presents a greater similarity to its isomorj)h in another 
group with which it has no relationship, than it does to any other member 
of its own group. Take a familiar illustration — suppose the fingers of the 
two hands to represent the modifications (‘ species’) of two such parallel 
types of Fonimitiifera : the thumb of one hand resembles more closely the 
thumb of the other hand than it docs any other of the fingers on its own. 
Ill other words, the extreme member of one series resembles more closely 
its isomorph in the other scries than it does its own nearer relations, and 
so on through the remaining members of the respective groups. Under 
conditions like these, artificial subdivision, based upon minor morpholo- 
gical characters, is certain to infringe the order of nature. Its tendency is 
to separate forms closely allied, and in many cases to place together such 
as have no close affinity.” 


Distribution ok Foramtnikera in Space. — The Foramin- 
ifera (save Gromia^ which occurs in both fresh and salt water, 
and the fresh-water forms allied to this) are marine, and are found 
in almost all seas, though more abundantly in those of the warmer 
parts of the globe. It is concluded by Dr Carpenter that “ the 
foraminiferous fawia of our own seas probably presents a greater 
range of variety than existed at any preceding period; but 
there is no indication of any tendency to elevation towards a 
higher type.” One of the most remarkable facts about their 


distribution at the present day, 
is the existence of a deposit at 
great depths in the Atlantic 
and Pacific oceans, in areas 
traversed by warm currents, 
of a mud or ooze ” formed 
almost entirely of the shells of 
Foraminifera^ and principally 
of Globi^crimc (fig. 15). This 
Globigerina ooze ” is found 
up to depths of 3000 fathoms, 
and may be regarded as the 
modern analogue of the white 
Chalk of the Cretaceous period. 
The deep-sea dredgings of late 
years have further brought to 
light an immense number of 
forms of ‘‘arenaceous” Fora- 



f ig- 15 ’ — Organisms in the Atlantic 007c, 
chiully Foramitn/era {^Globigerina ami 
Tejrtularia), with Folycystina, and 
Sponge - spictilcs : highly magnified. 
(Original.) 


minifera of the most varied and interesting characters. Some 
of the living Foraminifera may be obtained, at or near low- 
water mark, adhering to the roots of tangle ; but they are 
mostly to be obtained by dredging in deeper water, or by the 
tow-net, or by search in the shelly sand of the sea-shore. 
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Most of the recent Foraminifera are very minute, often 
wholly microscopic in their dimensions ; but some of the ex- 
tinct forms attained the size of as much as three inches in 
circumference the Nummulites of the Eocene, fig. i6), 
and the spheres of the Cretaceous Parkeria may have a cir- 
cumference more than twice as great as this. 

Distribution of Foraminifera in Time. — Remains of 
Foraminifera have been found in Palaeozoic, Mesozoic, and 
Kainozoic formations. In the oldest stratified rocks with which 
we are acquainted — viz., the Laurentian rocks of Canada — 
there occurs a singular body which has been described as the 
remains’ of a gigantic Foraminifer, under the name of Eozoon 
Canadense, If truly organic, as is doubted by high authorities, 
it is the oldest fossil as yet discovered. It appears to have 
grown in reef-like masses resembling the sessile patches of 
Polytrema^ and Calcar ina^ to both of which, as well as to the 
extinct Nummulites, it shows a decided affinity. In the Silurian 
rocks, remains of Foraminifera^ some of which are apparently 
identical with existing genera, have been detected in various 
places, and it is not impossible that the large Silurian fossils 
known as Pccephxculitcs and Stromaiopora should really be re- 
ferred to this order. Little is yet known of the Fora?ninifcra 
of the Devonian period ; but the remains of these organisms 
are found abundantly in the Carboniferous, and less plentifully 
in the Permian deposits. Whole beds of the Carboniferous 
Jdmestone in Russia, Armenia, N. America, &:c., are made up 
of the shells of Fusidiua ; and in P>ritain Mr P>rady has shown 
that the same formation is occasionally largely composed of 
the arenaceous spheres of Saccatnmina, a genus which is espe- 
cially interesting, as Sars has found vast numbers of a living 
form at considerable depths in the North Sea, and as it is 
known to occur in rocks as old as the J^ower Silurian. In the 
Secondary rocks Foraminifera occur in great abundance, the 
widely spread formation known as the Chalk being crowded 
with these organisms. Chalk itself, in fact, is very largely 
composed of the cases of Forammifera, some of which are iden- 
tical with species now existing. 

In the Tertiary rocks the Foraminifera attain their maximum 
of development, both as regards the size and the number of 
the forms which characterise them. The period of the Middle 

* Polytrema i.s a little hranchccl coral-like Foraminifer, compo.sed of a 
calcareous te.st forming a number of irregular chambers, which communicate 
with one another by wide orifices, and are filled with colourless sarcode. 
The walls of the chaml^ers are also penetrated by an extensive system of 
capillary canals. 
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Eocene is especially distinguished by a very widely spread and 
easily recognised rock known as the Nunuiiulitic Limestone, 
so called from the abundance in it of a large coin-shaped Fora- 
minifer termed the Nnmviulite (fig. i6). The Nummiilitic 



Kiij. 1 6 — X iiminuliiia hrvifiata. Eocene. 


Limestone stretches from the west of Europe to the frontiers 
of China ; but in some cases, in place of Nionmuiina proper, 
it contains the remains of a mimetic form termed Orbitoides. 
Upon the whole, Dr Carpenter concludes that “there is no 
evidence of any fundamental modification or advance of the 
foraminiferous type from the Palaeozoic period to the present 
time.” 


CHAP T E R 1 \^ 

RADIOLARIA, 

Order IV. Radio lari a. — The order Radiolaria was founded 
by Muller to include the Polycystina^ the Acanthomctrijia,, and 
the Thalassicollida, to which Dr Carpenter adds Actiuophrys 
and its allies, chiefly on account of the form of the pseudo- 
podia, the latter forming a special group, to which the name 
of Hcliozoa may be given. Most of the Radiolaria are marine, 
and the few forms which have been described as occurring in 
fresh water, are probably best referred to the Hcliozoa. 

The order Radiolaria may be defined as comprising those 
Rhizopods udiicli generally possess a siliceous test or siliceous 
spicules, and are provided with pseudopodia which stand out like 
radiating Ji laments, and occasionally run into one another. All oj 
the typical Radiolaria possess a central membranous or chi ti nous 
capsule surroufided by an envelope ofsarcode. The extra- capsular 
sarcode generally contains a layer of yellow cells, which are com- 
posed partly of starch. If we except Actiuophrys and its allies — 
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which cannot be regarded as typical members of the order — 
no contractile vesicle is present. In the aberrant Myxobrachia, 
also, the characteristic radiating pseudopodia are absent, the 
organism being furnished with from one to sixteen arm-like 
processes of sarcode, the clavate ends of which enclose nu- 
merous calcareous bodies (coccoliths and coccospheres), which 
may, however, be simply taken in as food. 

The protoplasm of the body of a Radiolarian consists typi- 
cally of a central and a peripheral portion, of which the former 
is enclosed in a porous, membranous, or chitinous capsule, 
while the latter is surrounded by a gelatinous investment. In 
the often briglitly coloured extra- capsular sarcode are scattered 
the yellow cells above alluded to, which some regard as being 
truly of a parasitic nature. The pseudopodia (fig. 17), are 
numerous, filamentous, radiately disposed, and sometimes 
anastomosing. Skeletal structures, in the form of spicular, 
radiating spines, or fenestrated shells, may be developed in 



Fig. 17 . — Eucecryphaius Schultzei, with the pseudopodia c.vtended, .showing the per- 
forated siliceous test and the lobed protopl;i.sinic body. After Kulliker. (I he author 
is indebted to the kindness of Profc.ssor Mivart for the use of this engraving.) 


either the extra capsular or the intra-capsular sarcode, or in 
both. These skeletal structures may be wanting ; but, when 
present, they are almost always siliceous, rarely horny, never 
calcareous. 7 'he animal is usually simple, varying in size from 
(riir to inch, or rarely more, but in other cases ( Collozoum) 
colonies are formed, which may reach two inches in diameter. 

Reproduction is often by fission ; but in other cases the intra- 
capsular sarcode breaks up into minute germs or zoospores, 
each of which possesses a nucleus and a flagellum. 
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The following are the more important groups of the Radio- 
laria 

L P'amily Acanthometrina. — The Acanthometm (fig. i8, a) 
arc all minute, and are found floating near the surface in the 




Kig. 1 8 — a A{{Hiiho}nctra ianccolaia ; l> Hitlionnittx ht'xncauthujn, one of ilie 
Polycystina, showing the radiating pseiidopodia. (After Miiller. ) 

open ocean, sometimes in great numbers. They consist of 
sarcode-bodies, which are supi)orted by a framework of radiat- 
ing siliceous, or horny spines, the extremities of which usually 
l)roject considerably beyond the body. The substance of the 
body admits of division into an outer membranous layer, or 
ectosarc,” and an internal granular layer, or “endosarc.*' 
'Pile siliceous spines are hollow, being grooved at the base by a 
gutter, which is continued further up the spine by a canal ter- 
minating at the apex of the spine by a distinct aperture. 'Phe 
spines, in conse(iuencc of this structure, are able to serve for 
the transmission of the pseudopodia, which gain the exterior 
by running through the canals and escaping at their apic es. 
Many of the pseudopodia, however, do not occupy the canals 
of the spines. 

II. Fam. Polycystina. — The members of this family are 
closely related to the Foraminiferay differing from them chiefly 
in the fact that their shells are composed of flint instead of 
carbonate of lime, as in most of the latter. They possess a 
body of sarcode, which is enclosed in a foraminated siliceous 
shell, which is often furni.shed with spine-like processes, and is 
usually of great beauty (figs. 17 and 18, />). The sarcodic 
substance of the body is olive-brown in colour, with yellow 
globules, and often does not entirely fill the shell. The pseudo- 
podia are emitted through the foramina in the test, and are 
long, ray-like filaments, which display a slow movement of 
granules along their borders. 
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The Polycystlna are all microscopic, and are all inhabitants 
of the sea, having a very wide distribution. They likewise 
extend to great depths ; and one of the numerous facts of in- 
terest brought to light by the 
researches of the Challenger 
Expedition, under Sir Wyvillc 
Thomson, has been that large 
areas of the sea-bottom, up to 
the enormous depth of 4500 
fathoms, are formed by an 
ooze " composed of the silic- 
eous cases of Polycystlna and 
other Radiolarians. Similar de- 
posits of Tertiary age are known 
as occurring in the crust of the 
earth in various regions. One 
of the best known of these is 
the “ Barbadoes Earth (tig. 
19), which is almost wholly 
composed of the delicate flinty 
shells of the Polycystlna. The remains of Polycystlna have also 
now been detected in rocks as old as the Jurassic formation. 

III. Fam. Collozoa. — In this family the organism is usually 
compound, though occasionally simple. A skeleton may be 
wholly wanting (as in the composite Collozoum\ or may exist 
in the form of spicules or of a foraminated shell. The simple 
types always possess a mere spicular skeleton, and the same 
is true in such forms as Sphcerozoiim (fig. 20, h). On the other 



Fig. 20. — Morphology of Radiolaria. « Siliceous feneslrated test nf Cnllos^heera 
Huxleyi; b S^hierozoum ynornmy .showing cena;form bodies, compound groups of 
spicules, and radiating pseudopodia. 

hand, in such forms as CollospJmra (fig. 20, a) there is a 
spheroidal fenestrated test, the skeleton thus approximating 
in character to that of the Polycystlna. The members of this 
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family sometimes attain a considerable size, and are found 
floating near the surface in most seas. 

IV. Fam. Thalassicollida. — This family, as now restricted, 
comprises floating marine organisms, which are in many re- 
spects closely allied to the preceding, but in which the intra- 
capsular sarcode contains a complex nucleus. The skeleton 
may be wanting (as in ThalassicoUa and Thalassolampe\ or it 
may be present in the form of spicules or spines developed in 
the extra-capsular sarcode. 

Heliozoa. 

The Heliozoa may be defined as R/iizopoda, 7 uhich possess a 
contractile 7 'esicle^ and arc deiwid of a central capsnlc. The body 
is naked, or is provided roith skeletal structures of a variable 
nature, but sometimes siliceous. The pseudopodia stand out like 
rays, but may anastomose 7 cdth one another. 

In their radiant pseudopodia and in the occasional presence 
of siliceous spicules, the Heliozoa are allied to the typical 
Kadiolarians ; but the absence of a central capsule and the 
presence of a contractile vesicle approximate them to the 
Anuebea ; while the absence of ‘‘yellow cells/' as also of a 
gelatinous outer investment to the sarcode, distinguish them 
further from the true Radiolarians. They must therefore be 
regarded as an inosculating group, related on the one hand to 
the Anuvhea, and on the other to the Radiolaria. 

Alost of the Heliozoa are inhabitants of fresh water, and we 
may select as a type the common “ Sun-animalcule " (Actin- 
ophrys sol), in which no hard structures are developed. In 
this animalcule (fig. 21), the body consists of a spherical mass 


Fig. 21 , — At tinophrys sol^ showing the radiating pseudopodi.T. 
One specimen has swallowed a Diatom. 




of sarcode, about 1-1300 of an inch in diameter, and usually 
covered with long, radiating, filamentous pseudopodia, which 

F 
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are much less mobile than in the case of the Amceba. The 
division of the substance of the body into ectosarc and endo- 
sarc is tolerably evident, and the latter contains numerous 
granules and vacuoles. The pseudopodia are derived from 
the ectosarc alone, the endosarc not passing into them, and 
they exhibit a circulation of granules along their edges, though 
this is not nearly so marked a feature as in the case of the 
Foraminifera. A nucleus and contractile vesicle are also 
present. 

Actmophrys occurs in both fresh and salt water. ActinO' 
sphcBrium is in many respects like Actinophrys, but each of the 
pseudopodia is supported upon a strong albuminous spine ; 
and the sarcode of the body is vesicular or “ alveolar,” while 
numerous nuclei exist in the central sarcode. In Heicrophrys 
(fig. 22), there is a globular body, the ectosarc of which is sur- 
rounded by a kind of external investment or excretion, which 
appears to be of a protoplasmic nature, but takes no part in the 



Fig. n'i.—Heterophrys s^ini/era, one of the Heliozoa, greatly enlarged. (After Hertwig 
and Lesser.) c c Contractile vesicles. 

production of the pseudopodia. The latter are long, granular, 
and unbranched, and amongst them are long spine-like pro- 
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cesses of firm sarcode, which have been regarded as of a chit- 
inous nature. Acanthocystis is, like the preceding, a fresh-water 
form, but it possesses long radiating siliceous spines; while 
Clathrulina has the body enclosed in a regular fenestrated sili- 
ceous test, which is supported upon a siliceous peduncle. 


CHAPTER V. 

SPONGIDA. 

Order V. Spongida or Porifera. — The true nature of sponges 
has long been a matter of dispute, but they are now universally 
referred to the animal kingdom, their precise systematic position 
being still a matter of dispute.* 

The Spongida may be defined as sarcode-bodies destitute of 
a mouthy and united into a composite inass^ lu/iic/i is traversed by 
canals opening on the surface^ and is almost always supported by 
a franmvork of horny jib res y or of siliceous or calcareous spicula ” 
(Allman). 

PTom the above definition it will be seen that a sponge 
is composed essentially of two elements — a soft, gelatinous, 
investing ‘‘flesh,” and an internal supporting framework or 
“ skeleton.” 

Taking an ordinary horny sponge as the type of the order, 
we find it to be composed of a skeleton (fig. 26) of horny 
reticulated fibres which interlace in every direction, and are 
pierced by numerous apertures, the whole surrounded exter- 
nally and internally by a gelatinous glairy substance, like white- 
the so-called “ sponge- flesh.” The horny skeleton is 
composed of a substance called “keratode,” and is often 
strengthened by sand-grains, or by spicula of flint which also 
occur less abundantly in the sponge-flesh. These latter must 
not, however, be confounded with the skeleton of the typical 
siliceous sponges in which the keratode is wanting. Of the 
apertures which penetrate the substance of the sponge in every 
direction, some are large crateriform openings, and are termed 
oscules,” or “ exhalant apertures ; ” whilst others, which occur 

* High authorities consider the sponges as a division of tlie Calcuierain^^ 
or as forming, under the name of Porifera^ a division of the “ Zoophyta ” 
coequal with the Ccelentcrata. This view, however, is based upon the in- 
terpretation of sponge-structure adopted by Hwckel, and the sponges will 
be here regarded as referable to the sub-kingdom Protozoa. 
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in much greater numbers, are greatly smaller in size, and are 
termed “ pores,” or ‘‘ inhalant apertures ” (fig. 23). Both the 
oscula and pores can be closed at the will of the animal ; but 



A r. 

Fig. 23. — A, Axhiclla polypoides, a fibrous Sponge showing oscula and jiorrs . 15, 
Sycnndrn ci/ucta, a calcareous Sponge, showing the single terminal (jsculuni. (After 
Schmidt ) 


the oscula are permanent apertures, whereas the pores are not 
constant, but can be formed afresh in the outer ])rotoplasmir 
covering, whenever and wherever required. The “ sponge- 
flesh,” which invests the entire skeleton, is found upon a 
microscopical examination to be composed of an aggregation 
of rounded protoplasmic bodies — the so-called '‘sponge-par- 
ticles” or " sarcoids ” (fig. 24). Some of these are provided 
with a single flagellum, surrounded by a membranous collar 
(fig. 24, B); while others are capable of emitting pseudopodia 
from all parts of their surface (fig. 24, C). The former of these 
resemble Flagellate Infusoria, and the latter are similar to 
Amceba; and both possess a nucleus and contractile vesicle. 
Others of the sarcoids, again, become undistinguishably amal- 
gamated with one another in progress of growth, and thus give 
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rise to a so-called “ syncytium,” of layer of structureless sarcode. 
Regarding the skeleton as something superadded, we may 
therefore look upon a sponge as a kind of colony, composed 



Kig. 24. — A, Portion of highly magnified, showing the triradiate spicules and 

the sarcoids ; IJ, A single sarcoid of Grantia compressny greatly enlarged, showing 
the membranous collar {a), the flagellum (/), the contractile vesicles (c <r), and the 
nucleus (w); C, A sarcoid of Grantia compressa^ with the pseudopodia protruded 
and without the flagellum, greatly enlarged. (H and C are after Carter.) 

of an aggregation of zooids, of which some are amoebiform, 
others are like Flagellate Infusorians, and others are specially 
modified to form a “ syncytium.’* The first two kinds of these 
zooids are capable of procuring and assimilating food for them- 
selves, and also of independent movements ; and even frag- 
ments of the “ syncytium,” when detached, are capable of 
throwing out pseudopodia. This view of the true nature of a 
sponge becomes still more readily comprehensible when we 
consider the simplest condition in which a sponge occurs in 
nature (as exemplified, for instance, in certain of the Calci- 
spongi(B, such as Sycandra^ fig. 23, B) ; the condition, namely, in 
which the entire sponge consists of a colony of sarcoids, secret- 
ing a common skeleton, but provided with only a single ‘‘ oscu- 
lum,” and a greater or less number of inhalant “ pores.” There 
are, in fact, many who hold that the more complex sponges are 
merely produced by the aggregation together of a number of 
these simpler colonies. 

The above-mentioned constituents of the soft parts of an 
ordinary sponge are usually disposed as follows : The simpler 
amoebiform sarcoids make up the bulk of the colony and form 
the greater part of the sponge flesh. Embedded amongst these, 
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however, in countless numbers, are spherical groups of flagellate 
sarcoids, those of each group so arranged as to enclose a central 
space, into which water is admitted in a manner to be subse- 
quently alluded to. The sarcoids are so disposed that the flagella 
of all are directed inwards into the central space, and each has 
its flagellum surrounded by a membranous collar, within which 
the lash can be retracted when not in use (fig. 24, B). Each 
sarcoid can nourish itself, and can discharge the indigestible 
portions of its food; and the surrounding water is admitted 
into, or shut out from, the chamber formed by the sarcoids in 
accordance with the temporary needs of the colony. These 
spherical communities of flagellate sarcoids constitute the 
so-called “ ciliated chambers,” and are to be regarded as the 
essential elements of the sponge. Lastly, as we have seen, 
portions of the sponge-flesh cannot be resolved in this way 
into separate sarcoids, but the latter have apparently coalesced 
so as to form a continuous and seemingly structureless “ syn- 
cytium.” This change is especially liable to take place in the 
layer of sarcode (“ dermal membrane ” or ectoderm ”) which 
covers the exterior of a living sponge. 

In a living sponge a constant circulation of water is main- 
tained by means of an aquiferous system (fig. 25), which is 



Fig. 25.— Diagrammatic section of Spongilla (after Huxley), a a Superficial layer or 
“ dermal membrane h b Inhalant apertures or “ pores ; ” c c Ciliated chambers ; 
d An exhalant aperture or “ osculum.” The arrows indicate the direction of the 
currents. 


constituted by the oscula and pores — already alluded to — and 
by a system of canals excavated in the substance of the 
sponge, and uniting the two sets of apertures. The water 
passes in by the ‘‘ pores ” or inhalant apertures, and is con- 
veyed by a series of canals — the “ incurrent ” or “ afferent ” 
canals — to a second series of tubes — the “excurrent” or 
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“ efferent ” canals — by which it .reaches the ‘‘ oscula and is 
finally expelled from the body. These processes are regularly 
performed, and their mechanism was long a subject of spec- 
ulation. It is now known, however, that beneath the super- 
ficial layer or “ dermal membrane ” of the sponge there exist 
chambers lined with sponge -particles which are provided 
with vibratile filaments or flagella (fig. 25, c c). The pores 
open into these chambers, and from them proceed the incur- 
rent canals, each being dilated at its commencement into a sac, 
which is also lined with flagellate sponge-particles. By the 
vibratile action of these cilia, currents of water are caused to 
set in by the pores ; and as out-going currents proceed from 
the oscula, a constant circulation of fresh water is maintained 
through the entire sponge. In this way each individual sponge- 
particle is enabled to obtain nutriment ; the process being at 
the same time not improbably a rudimentary form of respira- 
tion. The chambers or sacs lined with flagellate sarcoids have 
been shown by Mr Carter to be, as previously pointed out, 
the essential element in the organisation of the fresh-water and 
marine sponges, and to be the fundamental expression of the 
alimentary system. 

In a few sponges (the Myxospongm of Haeckel), as in the 
genus Halisarca, there is no skeleton, and the organism con- 
sists of an aggregate of masses of sarcode, permeated by 
branched canals, which arc everywhere inflated into cham- 
bers lined by flagellate sponge-particles or sarcoids. As a 
general rule, however, the soft protoplasmic aggregate which 
constitutes the living animal of the sponge is supported by 
more or less extensively-developed hard structures, which col- 
lectively form the skeleton. The nature of the skeleton varies 
greatly in difterent forms, and the variations are of great im- 
portance in the identification and classification of the sponges. 
In the so-called “ horny ” sponges (the Kcratosa of Bowerbank) 
the skeleton (fig. 26) is composed of numerous fibres of a horny 
substance (“ keratode interlaced to form a matted network. 
In the sponges of commerce (Spongid) the skeleton is simply 
composed of these reticulated horny fibres ; but in most of 
the “ horny sponges (such as Halichondria^ Spongilla^ 
we find in addition numerous siliceous bodies which partly 
strengthen the horny fibres, and are partly scattered through 
the sarcode. These so-called ‘‘spicules” (figs. 26 and 27) 
are of very varied shapes, and of microscopic dimensions, and 
their form is often characteristic of the particular sponge in 
which they occur. 

The horny fibre of the skeleton of the keratose sponges is hollow ; and 
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in the sponges of commerce the axial hollow contains neither foreign 
bodies nor spicules. In other cases, the central tube of the horny fibres 
may be filled with sand-grains or with spicules, and in addition to the cen- 
tral core the surface of the fibre may be roughened by projecting spicules ; 
while in some cases the fibre is almost entirely made up of simple spicules 
bound together by a small quantity of sarcode. 


In the ‘^so-called ‘‘calcareous” sponges (Ca/cispougice) such 
as Grantia^ Sycon^ &c., the skeleton is composed of numerous 
calcareous spicules (fig. 24, A), which are in the form of simple 



Fig. 26. — Fragment of the .skeleton of 
a horny Sponge (after Bowerbank), 
greatly enlarged, .showing interlacing 
horny fibre.s with .spicula. 


Fig. 27. — DifTercnt forms of the spiciilc'. 
of the h(jrny, calcareous, and siliceous 
Sponges, greatly magnified. 


fusiform rods or of three-rayed (rarely four-rayed) needles, and 
are arranged in different ways in different species. The three- 
rayed spicules are the form especially characteristic of the 
Calcispongice^ but two or all of the known forms of calcareous 
spicule may occur in a single sponge. 

In the so-called siliceous sponges (Si/icispongice) the skeleton 
is composed of siliceous spicules, of various forms and vari- 
ously disposed. Very commonly the spicules which primi- 
tively compose the skeleton become in process of growth fused 
together by a secondary siliceous deposit, so that the skeleton 
becomes a continuous one. In other cases, though the spicules 
are permanently , distinct, they are so interlocked with one 
another as to confer practical rigidity upon the skeleton. In 
other cases, the spicules are united with one another by sar- 
code only. Independently, also, of the true skeleton-spicules, 
the sarcode of the body contains scattered through it numerous 
“ flesh-spicules ” of various and often very characteristic forms. 
Modern investigations have brought to light a great number of 
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siliceous sponges, both living and extinct, and the structure of 
these is in many cases of the highest interest. Nothing further 
can, however, be attempted here than to briefly characterise 



Fig. 28. — A, Daciylocalyx pumiccust a Htj.\actincUid Sponge from ihe West Indies; 
H, A spicule of the Lithistid Sponge Discodvrmia, greatly enlarged, showing the 
branched ends of the spicule ; C, Part of the skeleton of the Hexactinellid Farrca tKiii, 
greatly enlarged, showing the continuous latticc-like framework, the component spi- 
cules of which are only reo<ignisable by their six-rayed axial canals ; D, Plan of a 
single spicule of a Hexactinellid Sponge. (After Liitken, Sollas, and Carter.) 


the two principal groups of the Silidspongice — viz., the Hexac 
tinellid and Lithistid sponges. 

I. Hexactinellid.^^:. — In this group ’of the siliceous .sponges the 
skeleton is composed of six-armed spicules, the rays of which are almost 
invariably at right angles to each other (fig. 28, D). In the centre of each 
spicule are three canals, cutting each other at right angles and forming an 
axial tube. The spicules become very commonly fused together by amor- 
phous silica, so as to form a trellis -work of rectangular or polyhedral 
meshes, the individual spicules of which are only recognisable by the 
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persistence of their axial canals (fig. 28, C). The “ flesh-spicules ” are 
fundamentally six-armed, but give off secondary branches so as to form a 
rosette. 

Among the living Hexactinellida^ the Venus’ Flower-basket (EuplecUlla) 
is one of the most familiar forms. In this exquisitely beautiful sponge, the 
skeleton-spicules are of large size, and the entire skeleton is at first flexible 
and soft, the spicules being free. Ultimately, the spicules become cemented 
together by a coating of vitreous silex, so as to form a ladder-like trellis- 
work. There is a single terminal osculum, provided with a porous lid ; 
the sponge-body is rooted in the mud of the sea- bottom by a beard of long 
siliceous fibres ; and the entire skeleton in the living state is completely 
concealed by a thick covering of brown sarcode. Another very interesting 
Hexactinellid sponge is the Hyalonenia or “ Glass-rope Zoophyte,” long 
supposed to be a kind of coral. In this singular type, there is a com- 
paratively small sponge-body, which is rooted to the mud of the sea- 
bottom by a long rope of delicate siliceous fibres. In addition to this skein 
of “anchoring-fibres,” there are branched spicules, which are four-armed 
or five-armed in the recent forms, but are hexradiate in fossil examples. 
Other well-known living Hexactinellida are AphrocalHstes^ Farrea^ Dactyl- 
ocalyx (fig. 28, A), &c. All the known forms are marine, and are inhabi- 
tants of deep water. 

2 . LiTHiSTiDi®. — These are siliceous sponges in which the spicules 
are essentially quadriradiate, three of the four arms being so disposed as 
to come together at an angle of 120®, while the fourth arm lies in a different 
plane to the others, and forms a cylindrical 
shaft from which the latter spring. The ex- 
tremities of the arms of the spicules are divided 
into processes (fig. 28, B), and by the interlock- 
ing of these, contiguous spicules are united into 
a continuous skeleton, the meshes of which are 
more or less irregular and curvilinear. 

Like the Hexactinellids, the LithisMr arc 
all marine, and inhabitants of deep water; 
Discodef'miay Coraliistes^ AVA ndretuia, Azortca, 
and Leiodermatium being well-known recent 
genera. 

The reproduction of sponges may be 
effected either asexually or sexually, the 
following being a orief outline of the 
phenomena which have been observed 
^ , r the common fresh- water sponge (Sport’ 

gilia; h Hilum; Diagram- gtlla)^ in which the process was first accu- 

matic section of the gem- rnfplv 

mule, showing the outer ^^CCiy llOUCeU. 

layer of amphidisc.s and the -r , 

inner mass of cells ; c One In the first or asexual method of reproduction, 
of the amphidiscs seen in which takes place in the winter, the deeper por- 
' tions of the sponge are found to be filled with 
small seed-like lounded bodies, termed “ gem- 
mules ” or “spores,” each of which possesses a small aperture or “ hilum ” 
at one point (fig. 29, h). t!ach gemmule is composed of an outer coriace- 
ous capsule surrounded by a layer of peculiar asteroid spicula, resembling 
two toothed wheels united by an axle, and termed “amphidiscs” (fig. 
29, c), ' These amphidiscs are embedded in sarcode, whilst their inner 

surfaces rest upon the tesselated capsule already mentioned. In the inte- 
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rior of the capsule thus formed is a mass of protoplasmic cells, which, on 
the coming of spring, is extruded through the hiliform opening of the 
capsule into the water, and becomes developed into a young Spongilla. 

Jn the second or sexual method of reproduction, certain of the sponge- 
particles or “ sarcoids ” separate themselves and become nucleolo-nucleated, 
thus constituting ova. At the same time other sarcoids become motionless, 
and their contents become molecular, and are finally converted into sper- 
matozoa. By the rupture of these, and by the consequent contact of the 
different elements (fig. 30, A), embryos are produced, which are at first 
ciliated and move about freely, becoming eventually stationary, and de- 
veloping into new individuals. 

As regards the development of the sponges, the impregnated ovum (fig. 
30, A) cleaves, by the usual process of “segmentation,” into a mass of 
primitive cells, sometimes containing centrally a primitive and temporary 
cavity (fig. 30, B). These cells are divisible into two distinct groups, one 
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ig* 30. — Development of CalcUpon^ia. A, Ovum in the act of bejng impregnated by 
the spermatozoids. B, Free-swimming embryo of Svcony showing the non-ciliated 
ectodermal cells, and the ciliated endodermal cells, the latter enclosing a temporary 
“segmentation-cavity ” (a). C, The embryo further .advanced, with the cilial^ half 
of the body reduced in size. D, The embryo at a later stage, showing the primitive 
spicules, and the commencing body-cavity (</). E, Unattached larva, without the 
skeleton ; the ciliated endodermhasnow been withdrawn within the non-ciliated ecto- 
derm, and the primitive opening into the body-cavity (e) has been formed by invagina- 
tion. F, Young Sycon^ six days old, showing the skeleton, b Non-ciliated ectodermal 
cells ; c Ciliated endodermal cells. (A is after Haeckel ; B, C, D, E, and F are after 
Metschnikoff.) 


of which ultimately forms the external layer (ectoderm), whilst the other 
forms the internal layer (endoderm). As described by Metschnikoff in the 
embryo of Sycon, these groups of cells at first form the two poles of the 
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larva, the cells of the endoderm being ciliated (fig. 30, B, c), and enabling 
the organism to swim actively through the water, whilst the cells of the 
ectoderm are non-ciliated (fig. 30, B, b). In the process of growth, the 
ciliated endodermal cells become gradually retracted into the interior of 
the larva (fig. 30, C and D), till the body becomes completely invaginated 
upon itself. In this condition (fig. 30, E) it forms what Hjeckel terms a 
“ gastrula,** and consists of two layers of cells, an outer and an inner, en- 
closing a central cavity, which communicates with the outer water by a 
single primitive opening. This aperture is formed by the invagination of 
the body, and not by rupture of the walls of the central cavity. The 
skeleton is formed in the ectodermal layer, and the primitive opening into 
the body-cavity becomes finally eflaced. In its further development, the 
young sponge, now consisting of two cellular layers surrounding a closed 
central cavity (fig. 30, F), fixes itself by one extremity to some foreign 
object ; a primitive “ osculum ” is developed at the free extremity of the 
larva ; and the walls become perforated with numerous small apertures, 
which ultimately become the inhalant openings or “pores” of the adult. 
It should be added that the account of the development of the Calci- 
spongitE given by Hoeckel differs in some points very materially from the 
above. 

It should he added, further, that according to the researches of Mr Saville 
Kent, the so-called “ciliated embryo” of the sponges is not composed of 
“cells,” in the ordinary acceptation of this term, but is “a spherical or 
ovate aggregation of typical collar-bearing Monads or spongozoa, con- 
nected laterally and by their bases with one another, and with their 
anterior flagellate collar-bearing extremity directed outwards.” 

Distribution of Sponges in Space. — Sponges are almost 
exclusively marine, the Spongilhe alone being inhabitants of 
fresh water ; and they are of almost universal occurrence. The 
sponges of commerce are mostly obtained from the Grecian 
Archipelago and the Bahama Islands. The common marine 
sponges are mostly found attached to some solid object between 
tide-marks or in deep water. One genus [Cliona) inhabits 
branching cavities in shells, which the sponge excavates for 
itself, apparently by means of its siliceous spicula ; and fossil 
shells mined by a boring-sponge, allied to the recent ClwncBy 
are found from the Silurian rocks upwards. The siliceous 
sponges appear to be exclusively inhabitants of the deeper 
parts of the ocean, and our knowledge of these beautiful forms 
has been enormously increased during late years by the re- 
searches into the fauna of the deep sea, which have been 
carried out by Sir Wyville Thomson, Carpenter, Sars, and 
other well-known observers. Much also has been added to 
our knowledge of the Caldspongiie by the elaborate investiga- 
tions of Haeckel, Oscar Schmidt, Metschnikoff, and others. 
The calcareous sponges are all marine, and all inhabitants of 
shallow water, and the living forms are all of small size. 

Distribution of Sponges in Time.— Remains of sponges 
are known to occur in formations belonging to the Palaeozoic, 
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Mesozoic, and Kainozoic epochs. The keratose or horny 
sponges are obviously incapable of leaving any evidence of 
their existence, otherwise than by the preservation of the 
spicula with which the skeleton is sometimes furnished ; and 
such are occasionally found, though they are of rare occurrence. 
The calcareous sponges are found from the Silurian rocks 
upwards, though great obscurity still rests upon the true nature 
and affinities of many of the fossils which have been referred 
to this group. 

The siliceous sponges are now known to possess a veiy high antiquity, 
both the sections of the Hexactinellid(C and Lithistidie being developed as 
early as the Silurian period. Of the fossil HexactincllidiE^ the best-known 
grouj) is that of the Ventriculitidie^ comprising a large number of beautiful 
Secondary s])onges. Of the fossil Litliistids, the best-known genus is the 
w’idely distributed Siphonia of the Cretaceous period. 

Affinitiks and Systkmatic Position of the Sponges. — 
(Ireat doubts still exist as to the real relations and zoological 
jdace of the sponges ; and though placed here with the Rhho- 
poihi^ there are many considerations which render this col- 
location objectionable. The opinions of naturalists in this 
matter are still unsettled, and the whole subject is a very com- 
plex one, so that it will be sufficient to simply allude to one 
or two of the more important points affecting this question. 
We have seen that each sponge may be regarded as an aggre- 
gate of protoplasmic masses (sarcoids), each of which is mor- 
phologically a single ^^cell.^^ This fact in itself, as pointed 
out by Haeckel, is an important one, for the typical Rhizopod, 
such as Aniirba^ is to be looked upon as morphologically a 
single cell leading an independent life, and singly discharging 
all the functions of vitality. Upon this ground, as well as 
upon weighty dev'^elopmental grounds, Haeckel would remove 
the sponges altogether from the Protozoa^ and would place them 
among the Civlenterata. On the other hand, the individual 

sarcoid ” of a sponge, if non-flagellate, presents a resemblance 
to an Amivba, which is far too striking to be overlooked ; 
whilst the flagellate sarcoids present an equally conspicuous 
similarity to the flagellate Infusoria. Indeed it is very diffi- 
cult to see upon what classificatory principle those sponges 
(such as Halisarca) which have no skeleton can be separated 
from such compound flagellate Infusoria as Phalansterium^ 
except that the latter is without the canal-system which tra- 
verses the protoplasm of the former. There are also many 
points of affinity between the sponges and the Radiolaria. 
These considerations appear to be sufficient, in the meanwhile, 
and in a work of this nature, to justify the retention of the Spoti- 
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gida in the sub-kingdom Protozoa^ in which case they find their 
most natural position in or close to the Rhizopoda, It is to be 
remembered, however, that they differ from the other Protozoa 
and agree with the Ci^lenterata in the fact that the adult is 
multicellular; that the ovum breaks up on fecundation into a 
mass of primitive embryonic cells ; and that the larva passes 
through a stage (“ gastrula ” stage) in which it is composed of 
an outer and inner cellular layer, enclosing a central cavity, 
which communicates with the outer world by a single opening. 
It should be borne in mind, on the other hand, that there are 
some undoubted Protozoa (^.^., some of the Radiolarians) which 
have strong claims to be regarded as multicellular organisms. 


CHAPTER VI. 

INFUSORIA. 

The Infusoria of many writers comprise many of the lowest 
forms of plants — such as the Diatoms — together with the Roti- 
fera^ a class of minute animals now known to belong to the 
Annulosa, By modern writers, however, the term Infusoria 
is used strictly to designate those Protozoa which possess a 
mouth and rudimentary digestive cavity. They are, for this 
reason, often called collectively the “ stomatode ” Protozoa^ in 
contradistinction to the remaining members of the sub-kingdom, 
which are all “ astomatous."' The so-called “ suctorial ” Infu- 
soria {Acinet{e)f however, appear to have no definite oral aper- 
ture ; and the same is the case with the parasitic Opalina., 
though there is great doubt as to the propriety of placing this 
in the Infusoria at all. The name Infusoria itself is derived 
from the fact that the members of the class are often developed 
in organic infusions. 

The Infusoria or Stomatode Protozoa may be defined as Pro- 
tozoa which are mostly pf'ovided with a fnouth and rudimentary 
digestive cavity^ which do not possess the power of emitting pseudo- 
podia., but which are furnished ivith vibratile cilia., or with con- 
tractile filaments. They are mostly microscopic in size^ the sarcode 
is differentiated into an ecfosarc and an endosarc^ and a nucleus 
and contractile vesicle are present. 

Most modern writers regard the Infusoria as strictly speaking 
“unicellular” animals, each of the simple individuals corre- 
sponding morphologically to a single cell. Upon this view — 
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which is by no means free from difficulties — the “ nucleus ” of 
the Infusorian animalcules really corresponds with the struc- 
ture known by the same name in an 


ordinary animal or vegetable cell. 

The Infusoria may be divided 
into three orders — viz., Suctoria, 
Ciliata^ and Flagellata — of which the 
second comprises the majority of 
the members of the class, and alone 
requires much consideration. 

I. Order Ciliata. — This order 
comprises those Infusoria in which the 
outer layer of the body is more or less 
abundantly furnished with vibratile 
cilia^ which sen>e either for locomotion 
or for the procuring of food. Besides 
cilia^ properly so called, some of the 
ciliated Infusoria are provided with 
styles or jointed bristles, which are 
movable, and subserve locomotion ; 
whilst others have little hooks or 
uncinij with which they can attach 
themselves to foreign bodies. As 
types of the order, Paramcecium and 
Voriicella may be selected, the former 
being free, whilst the latter is per- 
manently fixed in its adult condition. 

Paramcecium (figs. 31 and 32) is a 
slipper-shaped animalcule, composed 
externally of a structureless trans- 
parent pellicle — the “ cuticle ” — 
which is lined by a layer of firm and 
consistent sarcode, which is termed 
the “cortical layer,” or the “paren- 
chyma of the body,” this in turn pas- 
sing into a central mass of softer and 



more diffluent sarcode, known as the 
“ chyme - mass,” or “endoplasm.” 
The cuticle is merely the structure- 
less hardened external lamina of the 
“ cortical layer,” and it may in some 
cases form a regular protective sheath 
(Paginicola), a horny shell {Codon- 
€lla)y or even a reticulated siliceous 
envelope (as in Dictyocysta). Beneath 


Fig. 31. — Parattictcium^ viewed 
dorsally, and greatly magnified. 
VI Mouth ; in to g Gullet ; a 
Anus ; cv and rt' The contractile- 
vesicles; I, II, III, Canals pro- 
ceeding from the anterior con- 
tractile vesicle; n Nucleus; v 
Large cilia bounding the depres- 
sion (“vestibule”) le.adingto the 
mouth. The arrows indicate the 
course in which the particles of 
food circulate in the ««mi-fluid 
protoplasm of the interior of the 
body. (After James-Clark.) 
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the ** cuticle ’* is the layer from which the cilia are given off, 
and below that, again, is a finely striated or fibrillated contrac- 
tile layer (“ myophane layer ** of Haeckel), which corresponds 
physiologically to the muscles of higher animals. In some 
Infusorians there is a still more internal lamina of the “ cor- 
tical layer,” which is charged with the singular little organs 
known as “ trichocysts.” These are vesicular microscopic 
bodies, capable of emitting thread-like filaments, in many re- 
spects closely resembling the thread-cells ” of the Ccelenterata. 

The “ cuticle ” in Paramocciu 7 n is covered with vibratile cilia 
(figs. 31 and 32), and is perforated by the aperture of the mouth. 



Kig 32. — A, Paramcccitim, showing the nucleus (>/) and two contractile vesicles (:»)• 
H, Paramocciiivt bursnrin (after Stein) dividing transversely : n Nucleus ; u' Nucle- 
olus ; 7 ' Contractile vesicle. C, Paramiccinm txnrclia (after Ehrenberg), dividing 
longitudinally. 

The mouth leads into a funnel-shaped gullet, which is not 
continued into a distinct digestive sac, but loses itself in the 
soft central protoplasm. On the line of boundary between the 
cortical layer and the diffluent central sarcode are placed the 
“nucleus” and the “contractile vesicle” (or vesicles). The 
“ nucleus ” is an oval body (in some forms band-shaped or rod- 
like), consisting of an outer membrane enclosing granular con- 
tents, and often having a smaller spherical particle applied to 
its exterior or immersed in its substance. This latter is the 
so-called “nucleolus,” which must be carefully distinguished 
from the nucleolus of a cell, which occurs in the interior of the 
nucleus. The contractile vesicles are clear spaces, which con- 
tract and dilate at intervals, and occasionally exhibit radiating 
canals passing into the surrounding sarcode. Ordinarily one 
contractile vesicle is present, or at most two, but in some cases 
there may be several. It has also been maintained that the 
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contractile vesicles communicate with the exterior of the body, 
but proofs are wanting on this point. Whether this should 
ultimately be established or not, there can be little doubt but 
that the vesicles are a rudimentary form of vascular apparatus. 
Others, however, hold, with some probability, that the contrac- 
tile vesicles are to be regarded as excretory in function, and 
that they correspond more with the water-vascular system of the 
Scolecida than with the true blood-vascular system of higher 
animals. Certain other spaces termed “vacuoles^' are gen- 
erally visible in addition to the contractile vesicles. These, 
however, are probably merely collections of water surrounding 
the particles of ingested food, and performing with them a 
circulation in the abdominal cavity, something like the circu- 
lation of granules which is seen in certain vegetable cells. It 
was the appearance of these ‘‘ vacuoles — which are certainly 
not permanent organs of any kind — which induced Ehrenberg 
to term the Ittfusoria the “ Polygastrica,*^ upon the belief that 
the vacuoles were so many stomachs. 

Parainmium obtains its food by means of the currents of 
water which are set up by the constantly vibrating cilia. The 
nutritive particles thus brought to the mouth pass into the 
central abdominal cavity, along with the contents of which 
they undergo the circulation above spoken of. Indigestible 
and frccal particles appear to be expelled by a distinct anal 
aperture, which is situated near the mouth. 

Reproduction in Paraimvcinm may be effected non-sexually, 
by fission, the body dividing transversely into two halves, ancl 
the process of cleavage commencing first with the division of 
the nucleus (fig, 32, R). Longitudinal fission is also stated to 
occur (fig. 32, C) ; but it is questionable whether the appear- 
ances which have led to this statement may not really be due 
to the coalescence and temporary conjugation of two indi- 
viduals. Most authorities further believe that Pararmveium 
has the power of true sexual reproduction, the ‘‘ nucleus 
playing the part of an ovary in the process, and the “ nucle- 
olus^’ acting as a testis. In this process, as described by Bal- 
biani, two Paranuvcia come together, and adhere closely to 
one another by their ventral surfaces. The “ nucleus ” in- 
creases in size, and a number of ovules are formed in its inte- 
rior. In like manner, the “ nucleolus ” of each also enlarges, 
and develops in its interior a number of fusiform or rod-like 
bodies, which are believed to be spermatozoa. The nucleolus 
of each then passes into the body of the other, the act of trans- 
ference being effected through the mouth. Contact of the two 
reproductive elements then takes place, and tlie fecundated 
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ovules after their liberation from the body of the parent are 
developed into adult Paramoscia, 

Other observers, however, are disposed to believe that this 
conjugation ” of two Paramoscia is not a genuine sexual pro- 
cess, that the “nucleolus” is not a true testis, and that the 
rounded bodies into which the “ nucleus ” breaks up can be 
developed into new individuals directly and without contact 
with a second reproductive element. 

Vorticella (fig. 33, C) is a beautiful flower-like Infusorian which is com- 
monly found in fresh water, adhering to the stems of aciuatic plants. It 
consists of a bell-shaped body or “calyx,” supported upon the extremity 
of a slender contractile stem or “pedicle.” The other extremity of the 
pedicle is fixed to some foreign body, and its power of contraction is due 
to the presence in its interior of a spiral contractile fibre, which is some- 
times called the “stem-muscle.” The edge of the bell or calyx is sur- 
rounded by a projecting rim or border, called the “peristome,” within 
which is a circular surface, the “disc,” forming the upper extremity of 
the so-called “rotatory organ.” The disc is surrounded by a fringe of 
vibratile cilia, forming a spiral line which is prolonged into the commence- 
ment of the digestive canal. Near the edge of the disc is situated the 
mouth, which conducts by its entrance or “ vestibulum ” into a fusiform 
canal or “pharynx,” which terminates abruptly in the abdominal cavity. 
The particles of food are taken in at the mouth, descend through the short 
alimentary canal, and enter the abdominal cavity, where they are subjected 
to the general rotation of the “chyme-mass,” being finally excreted by an 
anal aperture which is situated near the mouth and within the vestibule. 
As in Param(£cium^ the body in Vorticella is composed of an outer “cuti- 
cle,” a central “chyme-mass,” and an intermediate “cortical layer,” 
which contains a contractile vesicle and a band-like nucleus. 

Reproduction in Vorticella may take place by fission, or hy gemmation, 
or by a process of encystation and endogenous division. In the first of 
these modes the calyx becomes indented in a longitudinal direction — viz. , 
from the pedicle to the disc ; and the groove thus formed becomes gradu- 
ally deeper until the calyx is finally divided into two halves supportetl 
upon the same pedicle. On one of these cups a “posterior” circlet of 
cilia is then formed in addition to the “anterior” circlet already existing 
(i,e., a fringe of cilia is developed round that end of the calyx which is 
nearest the attachment of the pedicle and furthest from the disc). The 
cup (fig. 33, D), thus furnished with a circlet of cilia at both extremities, is 
then detached, and swims about freely. Finally, the anterior circlet of 
cilia disappears, and this end of the calyx puts forth a pedicle and becomes 
attached to some foreign object. A new mouth is now formed within what 
was before the posterior circlet of cilia ; so that the position and function 
of the two extremities of the calyx are thus reversed. 

In the second mode of reproduction — namely, that by gemmation — 
exactly the same phenomena take place, with this single difference, that 
in this case the new individual is not produced by a splitting into two of 
the adult calyx, but by means of a bud thrown out from near its proximal 
extremity. This bud is composed of a prolongation of the cuticular and 
cortical layers of the adult with a caccal diverticulum of the abdominal 
cavity or chyme-mass. It soon develops a posterior circlet of cilia, the 
connection with the parent is rapidly constricted until complete separation 
is effected, and then the process differs in no respect from that described 
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as occurring in the fissiparous method of reproduction. According to 
Stein and Greeff, however, these so-called “buds” are really small calyces, 
produced by fission of one Vorticella and then attaching themselves to the 
outside of the calyx of another individual. 

In the third mode of reproduction the Vorticella encysts itself in a cap- 
sule, the cilia and pedicle disappear, and the nucleus breaks up into a 
number of rounded germs, which are ultimately liberated by the rupture 
of the cyst, and after a short locomotive stage, develop themselves into 
fresh VorticelLe, How far this process may be truly sexual is not known, 
and no form of unequivocal sexual reproduction has hitherto been shown 
to occur in the case of Vorticella, 

Epistylis is a not uncommon form of fixed Infusorian which is nearly 
allied to Vorticella^ and differs chiefly in the fact that the pedicle is much 
branched, and rigid and not contractile. It usually occurs in the form of 
a greyish-white nap on the stems of water-plants, or on the head of the 
common water-beetle, the Dytiscus marginalis. It consists of a plant-like 
l)ranching and re-branching frond, the stems of which are quite transparent 
and faintly striated, but arc not contractile, though capable of movement 
from side to side. Each branch of the entire colony terminates in an oval 
calyx, articulated to the stem by a distinct joint, upon which it can move 
from side to side. The sarcode-body enclosed within the cortical layer is 
of a light-brown colour, and full of minute granules, with larger food- 
vacuoles and a well-marked contractile vesicle, which contracts and dilates 
two or three times a minute. The animal can retract itself entirely within 
its cup, and can at will e.xsert a ciliated disc. 

Carchesium is another form which is like Epistylis in consisting of a 
number of calyces supported upon a branched pedicle, but differs from Epu 
stylis and agrees with Vorticella in the fact that the pedicle is contractile. 

Stentor^ or the trumpet-animalcule (fig. 33, A), is another common In- 
fusorian which is closely related to Vorticella, It consists of a trumpet- 
shaped calyx, devoid of a pedicle, but possessing the power of attaching 
and detaching itself at will. When detached it swims by means of the 
anterior circlet of cilia, just as the calyx of Vorticella will if broken from 
its stalk. In Vaginicola (fig. 33, B) the essential structure is much the 
same as in Vorticella^ but the body is protected by a membranous or horny 
case (“carapace” or “ lorica ”), which is formed by a hardening of the 
cuticle, and within which the animal can retire. 

II. Ordior SucTORiA. — This order includes a series of In- 
fusoria of a very anomalous nature. In Acincta or in Podo- 
p/irya (fig. 34, A), which may be taken as types, the body is 
provided with a number of radiating filamentous tubes, which 
are furnished at their e.xtremities with suctorial discs, and are 
capable both of exsertion and retraction. These retractile 
tubes both seize the prey and serve as vehicles for the ingestion 
of food : hence the term ‘‘ polystoine,” or many-moutlied, has 
been proposed for the order by Professor Greene. A nucleus 
and one or more contractile processes are present, but they 
possess no cilia in their adult condition, and the body is fixed 
to some foreign object by a stalk-like extension of the cortical 
layer. 

III. Order Flagellata. — Tliis order comprises those In- 
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fusoria which, like Peridinium, find their means of locomotion 
in long, flexible, lash-like filaments, termed ‘‘flagella/* cilia 
occasionally being present as well. In some, as in Peranema 
and in the Monads (fig. 34, B), there is only a single one of 



Stentor MUlleri ; 1?, Va,^inu'oln crystalUna l C, Group of Vorticello ; 

1), Detached hud of Voriicclla^ showing the posterior circlet of cilia. 

these appendages; in others, as in Anisone;na, there are 
flagella ; whilst in Hetero 7 nastix (fig. 34, G) and Plcimmema we 
have forms apparently transitional between the Ciliata ai 7 (T“' 
the Flagellata^ since both cilia and flagella are present in these 
genera. In all their other essential characters the flagellate 
Tnfusoi'ia do not differ from the more typical members of the 
class, with which they agree in possessing a cuticle, a firm cor- 
tical layer, and a soft granular central parenchyma, whilst tliey 
possess a nucleus and one or more contractile vesicles. Tliey 
have, however, the peculiarity that, in many cases at any rate, 
the base of the flagellum is surrounded by a cup-like or cylin- 
drical membranous collar, which can be retracted at will. 
Many also (as Asfasia, Heteromastix) ])ossess the sin- 

gular brightly coloured mass of pigment which is known as the 
eye-spot,*’ and which may possibly be a species of sense- 
organ (fig. 34). In one singular form [Phalansienutti ifdes- 
finale), the organism consists of numerous zooids, each with a 
single flagellum and projecting membranous collar, enveloped 
basally in slimy sarcode, so as to form a cylindrical colony. 

Another remarkable animalcule now usually referred to this 
group is Noctiluca, which occurs abundantly in most oceans, 
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and to which much of the phosphoresence of the sea is due.* 
It is of large size and spherical in form, with an indentation or 
“ hilum ” at one side, where the mouth is situated, and beside 



Ki;;. 34. —Suctorial and Flagellate Infusoria. A, Podof»k>ya ; B, Cercornonas truncata l 
C, Monas neglectn', L), EugU'ua sanguinea ; E, Ccdosiga ptUchotrima F, Astasia^ 
tnchophoni ; G, HcteronuuHx proiei/ormis, ^ Flagellum ; m Collar at ilie base of 
the flagellum ; c Contractile vesicle; n Nucleus; e Eye-spot, (.\fter Pritchard, 
Khrenberg, and James-Clark.) 


which is fixed a single long flagellum. The body consists of 
a central vacuolated mass of protoplasm, surrounded by a 
superficial layer, and in turn invested by a thin cuticle. The 
superficial layer is connected with the central protoplasmic 
parenchyma by numerous radiating, branched, and anastomos- 
ing filaments of sarcode. The luminosity appears to reside in 
nucleated cellular bodies in the outer layer of the central pro- 
toplasm — that is to say, in the peripheral layer of sarcode im- 
mediately below the cuticle. 

* The dijfiist'd luminosity of the sea is mainly due to the AoctilNca 
miliaris ; but its partial luminosity is due to various phosphorescent ani- 
mals, amongst which are the Physalia utHculus (the Portuguese man-ol- 
war',, Mcdusic^ 7'unicata^ Annelidcs^ &c. The cause of pliosphorescencc is 
variously stated, it being supposed very generally to be the result of a pro- 
cess of slow combustion analogous to that which takes place in phosphorus 
when exposed to the atmosphere. Upon the whole, however, it appears 
that the phenomenon is a vital process, consisting essentially in the conver- 
sion of nervous force (or vital energy) into light ; just as the same force 
can be converted by certain fishes into electricity. This transformation 
appears generally to require a special apparatus for its production. 
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Distribution of the Infusoria in Space and in Time. — 
The Infusoria have at the present day an almost universal dis- 
tribution, being found in all collections of fresh and salt water, 
where decaying organic matter is present, and where the other 
conditions of life are favourable. A few are parasites in the 
interior of other animals (Opalim), but the true affinities of 
these are doubtful. Owing to the fact of their generally want- 
ing any hard structures which could have been preserved in a 
fossil condition, no true Infusoria* can be said with certainty 
to have existed in former periods of the earth’s history, though 
they have doubtless abounded in past time as now. The only 
possible exceptions to this statement are certain microscopic 
bodies which occur in the Chalk-flints, and which Ehrenberg 
considered to be the protective carapaces of Peridinium and 
allied forms of flagellate Infusoria. 
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CHAPTER VIE 

THE SUn-KlXGDOM CCKLEXTERATA, 

1. Characters of the Slt*. - Ringhom. 2. Divisions. 
3. OENEHAr. Characters of the Hydrozoa. 4. Ex- 
planation OF Technical Terms. 

The Sub-kingdom Ccvlentcraia (Frey and Leuckhart) may be 
considered as a modern representative of the Radiata of 
Cuvier. From the Radiata, however, the Echinodermata and 
Rotifera have been removed, the entire sub-kingdom of the 
Protozoa has been taken away, and the Polyzoa have been rele- 
gated to their proper place amongst the Mollnsca. Deducting 
these groups from the old Radiata, the residue, comprising 
most of the animals commonly known as Polypes or Zoophytes, 
remains to constitute the modern Coalenterata. 

The CoHentcrata may be defined as animals udiose alimentary 
canal communicates freely 7vith the general cavity of the body 
{"'somatic cavity"'). The substance of the body is made up of 
tivo fundamental membranes — an outer layer, cal ltd the "ecto- 
derm,^" and an inner layer, or “ endoderm"" There are no 
distinct neural and hcemal regions, and in the great majority of 
the members of the sub-kingdom there are no traces of a nervous 
system. Peculiar urticating organs, or " thread-cells P are usually 
present ; and, generally speaking, a radiate condition of the organs 
is perceptible, especially in the tentacles with which most are 
provided. In all the Coelcnterata distinct reproductive organs have 
been sho7vn to exist. 

The leading feature which distinguishes the Ctvlcnterata, and 
the one from which the name of the sub-kingdom is derived, is 
the peculiar structure of the digestive system. In the Protozoa, 
as we have seen, a mouth is only present in the higher forms, 
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and in no case is there any definite internal cavity bounded by 
the walls of the body to which the name of “ body-cavity ” or 
“ somatic cavity ” could be properly applied (unless it be 
allowed that such really exists in the sponges). In animals 
higher than the Ccelenterata^ on the other hand, there is not 
only generally a permanent mouth, but the walls of the body 
usually enclose a permanent chamber or “body-cavity.” Fur- 
ther, in most cases, the mouth conducts into an alimentary 
canal, which is always distinct from the body-cavity, never 
opening into it, but usually passing through it to open on the 
surface by another distinct aperture (the anus). In most cases, 
therefore, the alimentary canal is a tube which communicates 
with the outer world by two apertures — a mouth and anus — 
but which simply passes through the body-cavity without in 
any way communicating with it. In the Ccelentcrata (fig. 35) 



35* — Diagrammatic vertical section of a Sea-Anemone, a Mouth ; s Stomach ; 
D Body-cavity ; c c Convoluted cords (“ craspeda ”) containing thread-cells, and form- 
ing the free edges of the mesentery (w) ; /, t Tentacles ; o Reproductive organ con- 
tained within the mesentery. The ectoderm is indicated by the broad external 
line, the endoderm (/) by the thin line and the space between that and the ectoderm. 


there is an intermediate condition of parts. There is a distinct 
and permanent mouth, and a distinct and permanent body- 
cavity, but the mouth opens into, and communicates freely 
with, the body-cavity. In some cases {Hydrozoa) the mouth 
opens directly into the general body-cavity, which then serves 
as a digestive cavity as well (fig. 37). In other cases there 
intervenes between the mouth and the body-cavity a short 
alimentary tube, which communicates externally with the outer 
world through the mouth, and opens below by a wide aperture 
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into the general cavity of the bgdy {Acti/iozoa^ fig. 35). In no 
case is there a distinct intestinal canal which runs through the 
body and opens on the surface by a mouth at one end and an 
excretory aperture or anus at the other. It should, however, 
be mentioned here that some modern zoologists, such as Gegen- 
baur and Hoeckel, consider that the entire system of internal 
cavities in any C(elenterate is truly homologous with the intes- 
tinal canal of other animals, and that the Ccelenterata^ therefore, 
possess no true body-cavity at all. To this view some of our most 
distinguished authorities, such as Professor Allman, have given 
their adhesion ; and there is no doubt that there are weighty 
grounds for regarding it as the correct explanation of the facts, 
though any discussion of these grounds would be out of place 
here. It need only be added that if this view be accepted, it 
will entirely subvert the generally received conception of the 
structure of the Ccelentcraia as above expressed. 

Though of the true radiate type, some Coelenterates show 
traces of bilateral symmetry. Thus, in some Sea-anemones one 
of the tentacles is larger than, or differently coloured from, the 
others; and in some corals two of the primary septa, opposite 
one another, are larger than the rest, and divide the animal into 
two halves. 

With regard to the fundamental tissues of the Ccelertteraia^ 
there exist two primary membranes, of which one forms the 
outer surface of the body, and is called the “ ectoderm ; ” 
whilst the other lines the alimentary canal, the general cavity 
of the body, and the tubular tentacles, and is termed the 
“ endoderm.” These membranes correspond with the primi- 
tive serous and mucous layers (“ epiblast ” and “ hypoblast ”) 
of the germinal area, and be^me differentiated in opposite 
directions, the ectoderm growing from within outwards, the 
endoderm from without inwards. Each is primitively cellular 
in its minute structure, and each may be rendered more or less 
complex by vacuolation or fibrillation. Between the ectoderm 
and endoderm there is sometimes a third layer (“mesoderm’^ 
or “ mesoblast ”), which is commonly of a muscular nature. 

In connection with the integument of the Calc?itcraia^ the 
organs termed “thread-cells” (“cnidee,” or “ nematocysts 
must be noticed. These are peculiar cellular bodies (fig. 36), 
of various shapes, which probably serve as weapons of offence 
and defence, and which communicate to many members of the 
sub-kingdom the Sea-blubbers) their well-known power 
of stinging. In the common Hydra the thread-cells (fig. 36, E) 
consist of “ oval elastic sacs, containing a long coiled filament, 
barbed at its base, and serrated along its edges. When fully 
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developed the sacs are tensely filled with fluid, and the slightest 
touch is sufficient to cause the retroversion of the filament, 
which then projects beyond the sac for a distance, which is not 



— Tlircad-celU of Coelenterata, greatly magnified. A and H, The thread-Lcll of 
Caryophytlia Smithii, in the everted condition, and in two varieties ; C and I), 'I'he 
thread-cell of Corallintorphus profundus, in a quiescent and active condition, en- 
larged about 500 times ; E, I’lie thread-cell of llydra^ in an everted condit ion. (.Vfter 
Gosse and Moseley.) 


uncommonly equal to many times the length of the latter ’’ * 
(Huxley). Many beautiful modifications of shape are known 
in the thread-cells of different Coelenterates, but their essential 
structure in all cases is much the same as in the Hydra. It is 
only in few cases, comparatively speaking, that the thread-cells 
have the power of piercing and irritating the human skin ; but 
even in the diminutive Hydra it is probable that they exercise 
some benumbing and deleterious influence on the living organ- 
isms which may be captured as prey. Besides the thread- 
cells, the tentacles of some Hydroids are furnished with rigid 
hair-like processes, which are probably tactile in function, and 
which are known as palpocils.” 

The Ccslenterata are divided into two classes, termed respect- 
ively the Hydfozoa and the Actirwzoa. 

* Thread-cells, though very commonly, if not universally, present in the 
Ccelenteratay are nevertheless not peculiar to them. .Similar organs have 
been shown to exist in several of the Nudibranchiate Mollusca^ as well as 
in .some Annelides (Spio seticornis). There likewise exist analogous organs 
trichoc ys/s) in several of the Infusoria ^ and in the Planaridtu 
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Class I. Hydrozoa. 

The Hydrozoa are defined as Coelenterata in which the walls 
of the digestive sac are not separated from that of the general 
hody-cavity^ the tnw coinciding with one another; the reproductive 
orga7ts are in the form of external processes of the body-wall. 
(Fig- 37 . K-) 



Ki,!* i7. A, 'I'he nimmon Hytlrn {Hyifro vr(/^itris), carrying young which it 

lias produecti hy building, considerably magnified (after Hincks). H. J )iagramniaiic 
section of the flydhj^ showing the mouth surrounded by the tentacles, and the di'-c 
of attachmcnl ; the dark and light lines indicate the two layers of the integument, 
and on one side of the body is shown a single large egg. 

ft follows from the above, that, since there is but a single 
internal (\ivity, the body of a Tlydrozoon on transverse section 
appears as a single tube, the walls of which are formed by the 
limits of the combined digestive and somatic cavity. 

The Hydrozoa are all aquatic, and the great majority are 
marine. 'Fhe class includes both simple and composite organ- 
isms, the most familiar examples being the common Fresh-water 
Polype (Hydra), the Sea -firs (Sertnlarida), the Jelly-fishes 
(Medusce), and the Portuguese man-of ^var (Physalia). 

Owing to tiic great ^lifficnlty which is ordinarily experienced by the stu- 
dent in mastering the details of this class of animals, it has been th<inght 
advisable to introduce here a short explanation of some of the technical 
terms whicli arc in more general use in describing these organisms. 
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General Terminology of the Hydrozoa. 

Individual. — We have already seen {see Introduction) that the term “in- 
dividual, ” in its zoological sense, must be restricted to “the entire result 
of the development of a single fertilised ovum," and that in this sense an 
individual may cither be simple, like an Amccbeiy or may be composite, like 
a Sponge, which is produced by an aggregation of amcebiform particles. 
If all the parts composing an individual remain mutually connected, its 
development is said to be “ continuous ; ” but if any of these parts become 
separated as independent beings, the case becomes one of “discontinuous” 
development. We have seen, also, that however long zooidal multiplica- 
tion may go on, there ultimately arrives in the history of every individual 
a period at which sexual reproduction must be called in to insure the per- 
petuation of the species throughout time. This truth is expressed by Stcen- 
strup’s celebrated law of the “alternation of generations.” 

Amongst the Hydrozoa^ the individual may be either simple or compound, 
and the development may be either continuous or discontinuous, the fol- 
lowing terms being employed to denote the phenomena which occur. 

Hydrosoma. — This is the term which is employed to designate the entire 
body of a Hydrozobn^ whether it be simple, as in the Hydra^ or composite, 
as in a Scrtularian. 

Polypite. — The alimentary region of a Hydrozobn is called a “ polypite ; ” 
the term “ polype ’’ being now restricted to the same region in the Actin- 
ozoa. In the simple Hydrozoa the entire organism may be called a “ poly- 
pite ; ” but the term is more appropriately applied to the separate nutritive 
factors which together make up a compound Hydrozobn. By Professor All- 
man the term “ hydranth ” is used in preference to “polypite." 

Distal and Proximal. — These are terms applied to different extremities 
of the hydrosoma. It is found that one extremity grows more quickly than 
the other, and to this free-growing end — at which the mouth is usually 
situated — the term “distal ” is applied. To the more slowly growing end 
of the hydrosoma— which is at the same time usually the fixed end— the 
term “ proximal” is applied. These terms may be used either in relation 
to a single polypite in the compound Hydrozoa^ or to the entire hydrosoma, 
whether simple or compound. 

Hydrorhiza. — This term is applied to that portion of the proximal end 
of a Ilydroid colony by which it is attached to some foreign body. 

C(vmsarc. — This is the term which is employed to designate the common 
trunk, which unites the separate polypitesof any compound Hydrozobn into 
a single organic whole. 

Polypary. — The term “polypary” or “ polypidom ” is applied to the 
horny or chitinous outer covering or envelope with which many of the 
Hydrozoa are furnished. These terms have also not uncommonly been 
applied to the very similar structures produced by the much more highly 
organised Sea-mats and their allies {Polyzoa)^ but it is better to restrict 
their use entirely to the Hydrozoa. By Professor Allman the term “ peri- 
sarc ” is given to the chitinous investment by which the soft parts of the 
Hydrozoa are often protected. 

Zobids. — In continuous development, the partially independent beings 
which are produced by gemmation or fission from the primitive organism, to 
which they remain permanently attached, are termed “zoiuds.” In other 
words, “ zobids ” are the more or less individualised members of which the 
Hydroid colony is made up. 

In discontinuous development, where certain portions of the “indivi- 
dual ” are separated as completely independent beings, these detached 
portions are likewise termed “ zobids that which is first formed being 
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distinguished as the ^‘producing zooid,” whilst that which separates from 
it is known as the “produced zodiJ.*^ In a great number of IJydrozoa 
there exist two distinct sets of zodids, one of which is destined for the nu- 
trition of the colony, and has nothing to do with generation, whilst the 
Kinctions of the other, as far as the colony is concerned, are wholly repro- 
ductive. P'or the whole assemblage of the nutritive zodids of a Hydrozoon 
Professor Allman has proposed the term “ trophosome,” applying the 
term “gonosome” to the entire assemblage of the reproductive zodids. In 
such Hydrozoa^ therefore, as possess these two distinct sets of zodids, the 
“ individual,” zoologically speaking, is composed of a trophosome and a 
gonosome. It follows from this that neither the trophosome nor the gono- 
some, however ap]iarently independent, and though endowed with intrinsic 
powers of nutrition and locomotion, can be looked upon as an “individual,” 
in the scientific sense of this term. As a rule, the zodids of the trophosome 
are all like one another, or are “ homomorphic ; ” but there are some cases 
(as in Hydractinujy and in the nematophores of the Plumularidoi) in whicli 
some of zodids of the trophosome are unlike the others. The zodids of 
the gonosome, on the other hand, are normally unlike, or are “hetero- 
morphic,” consisting of two or three different sets of zooids, each with it> 
sj)ecial duty in the generative functions of the Ilydroid colony. 


CHAPTER VIII. 

DIVISIONS OF THE HYDROZOA. 

SUB-ClASS Hydroida.* 

Thk Hydrozoa are divided into five sub-classes — viz., the Ily- 
droida^ the Siphouophot'a^ the Lucertiarida, the Graptoiitidce, and 
the Hydrocorallime. 

Sub-Class I. Hvdroida. — This sub-class comprises those 
Hydrozoa udiich consist of an alimentary re^fon or poly pile f 
ivhich is, typically, provided ivit/i an adherent disc, or hydro- 
rhizap and prehensile tentacles. 

In some few cases the hydrosoma is composed of a single 
polypite only, as in the Hydrida and in some of the Corynida , 
but usually there are several polypites united together by means 
of a common trunk or “coenosarc,” as in most of the Corynida 
and in the orders Sertniarida and Campanularida. Further, 
in the great majority of cases, the “ hydrorhiza is permanently 
attached to some foreign object. 

Tile Hydroida comprise six orders — viz., the Hydrida. the 

* h or full details as to the morphology and physiology of the Ilydroid 
Zoophytes, the student should refer to the magnificent * Monograph of the 
Gyninoblastic Ilydroids,’ by Professor Allman (Ray Society). The student 
may also consult the excellent ‘ History of British Hydroid Zoophytes,’ by 
the Rev. Thomas Ilincks. 
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Corynida, the Sertularida^ the Campanularidiiy the Thecomedusce, 
and the Medusidce, 

Order I. Hydrida {ElettthcroblasHca^ Allman ; Gymnochroa^ 
Hincks). — This order comprises those Hydrozoa 7 vhose “ hydro- 
soma consists of a single locomotive polypite^ with tentacles and 
hydrorhizaf and iviih reproductive organs ivhich appear as 
simple external processes of the body-walL The hydrorhiza is 
discoid, and no hard cuticular layer is at any time developed, 

"J'he order Hydrida comprises a single genus * only {Hydra), 
including the various species of ‘‘ Fresh-water Polypes,’* as they 

are often called. The 
common Hydra (tig. 
37, A) is found abun- 
dantly in this country, 
and consists of a tu- 
bular cylindrical body, 
the proximal ” extrem- 
ity of which is expanded 
into an adherent disc 
or foot — the “hydro- 
rhiza” — by means of 
which the animal can 
attach itself to some 
foreign body. It pos- 
sesses, however, the 
power of detaching the 
hydrorhiza at will, and 
thus of changing its 
place. At the opposite 
or “ distal ” extremity 
of the body is placed 
the mouth, surrounded 
by a circlet of tenta- 
cles, which arise a little 
distance below the mar- 
gin of the oral aperture. 
The tentacles vary in 
number from five to 
twelve or more, and 
they vary considerably 
in length in different species, being much shorter than the body 
in the Hydra viridis (fig. 38), but being extremely long and 

Tf the Protohydra of CJrcefT he a mature form, it also belongs to this 
order. It differs from Hydra in having no tentacles, hut it .seems more 
))rohably to he the larva of .some other Plydroid. 



Ki«:- sS. -- I'ht; (ireen Kresh-watcr Polype (//yt/fu 
7)iridis), suspended head -downwards from a piece 
of a stem of an aijuatic plant, enlarged, a One of 
the tentacles ; 'I'estis or spermarium, with sper- 
iTiat(»7oa in its interior; c A single large ovum, 
protruding from the side of the body; d Disc of 
attachment (“ hydrorhi/a”) 
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filamentous in Hydra fiisca, .They are highly extensile and 
contractile, and serve as organs of prehension, being capable 
of retraction till they appear as nothing more than so many 
warts or tubercles, and of being extended to a length which 
is in some species many times longer than the body itself. 
(In the Hydra fusca the tentacles can be protruded to a length 
of more than eight inches. ) Each consists of a prolongation of 
both ectoderm and endoderm, enclosing a diverticulum of the 
somatic cavity, and they are abundantly furnished with thread- 
cells. The cylindrical hydrosoma (fig. 37, B) is excavated into 
a single large cavity, lined by the endoderm, and communi- 
cating with the exterior by the mouth. This — the “somatic 
cavity ** — is the sole digestive cavity with which the Hydra 
is provided, the indigestible portions of the food being rejected 
by the mouth. 

The Hydra possesses a most extraordinary power of resist- 
ing mutilation, and of multiplying artificially when mechani- 
cally divided. Into however many pieces a Hydra may be 
divided, each and all of these will be developed gradually into 
a new and perfect polypite. The remarkable experiments of 
'Frembley upon this subject are well known, and have been 
often repeated, but space will not permit further notice of 
them here. Reproduction is effected in the Hydra both 
asexually by gemmation, and sexually — the former process 
being followed in summer, and the latter towards the com- 
mencement of winter, few individuals surviving this season. 
In the first method the Hydra (fig. 37, A) throws out one or 
more buds, generally from near its proximal extremity. These 
buds at first consist simply of a tubular prolongation of the 
ectoderm and endoderm, enclosing a caecal diverticulum of the 
body-cavity ; but a mouth and tentacles are soon developed, 
when the new being is usually detached as a perfect independ- 
ent Hydra. The Hydrcc thus produced throw out fresh buds, 
often before they are detached from the parent organism, and 
in this way reproduction is rapidly carried on. 

In the second or sexual mode of reproduction, ova and 
spermatozoa are produced in outward processes of the body- 
wall (fig. 38). The spermatozoa are developed in little 
conical elevations, which are produced near the bases of the 
tentacles, and the ova are enclosed in sacs of much greater 
size, situated nearer the fixed or proximal extremity of the 
animal. Ordinarily there is but one of these sacs, containing 
a single ovum, but sometimes there are two. When mature, 
the ovum is expelled through the body-wall, and is fecundated 
by the spermatozoa, which are simultaneously liberated. The 

II 
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primitive body-cavity of the non-ciliated embryo is ultimately 
placed in communication with the outer world by the forma- 
tion of the mouth, which is produced directly as an opening in 
the walls of the body, and not by invagination of the ectoderm. 

Order 1 1. Corynida {Gymnohlasiica^ Allman ; Athecata^ 
Hincks). — The order Corynida comprises those Hydrozoa 
whose hydrosoma is fixed by a hydrorhiza, and consists either of 
a single polypite, or of sei'eral united by a coenosarc, ivhich usually 
develops a firm outer layer or polypary ^ No hydrotheca'' 
are present. The reproductive organs are in the form of gono- 
phores^ 7 vhich vary much in structure^ and arise from the sides of 
the poly pites.^ from the ccenosarc^ or from gonoblastidia ” (Greene). 

The hydrosoma of the Corynida may consist of a single 
polypite, as in Coryomorpha and Vorticlava^ or it may be com- 
posed of several united by a coenosarc, as in Cordylophora 
(fig. 39, a). The order is entirely confined to the sea, with 
tlie single exception of Cordylophora^ which inhabits fresh water. 
In Tubularia and its allies the organism is protected by a well- 
developed external chitinous envelope or ‘‘ polypary ; ” but in 
the other genera belonging to the order, the polypary is either 



t' ig- 39- — Morphology of Corynida. a Fragment of Cordylophora lacusfris, slightly 
enlarged ; Fragment of the same considerably enlarged, showing a polypite :uid 
three gonophores in different stages of growth, the largest containing ova ; c Portion 
of Syncoryne Sarsii with medusiform zooids budding from between the tentacles 


rudimentary or is entirely absent. The polypary of the 
Corynida^ when present, is readily distinguished from that of 
the Sertularida, by the fact that in the former it extends only 
to the bases of the polypites ; whereas in the latter it expands 
to form little cups for the reception of the polypites. these cups 
being called “hydrothecae.” Owing to the fact that neither 
the polypites nor the generative buds of the Corynida are en- 
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closed in a cliitinous investment, the name of “ Gymnoblastic 
Hydroids ’’ is applied to them by Professor Allman. 

As regards the reproductive process in the Corj;iida, the 
reproductive elements are developed in distinct buds or sacs, 
which are external processes of the body-wall, and have been 
aptly termed “ gonophores ** by Professor Allman. Strictly 
sj^eaking, Dr Allman understands by the term “ gonophore ' 
only the ultimate generative zooid, that which im?nediately pro- 
duces the generative elements.* Great variations exist in the 
form and development of these generative buds, and an exami- 
nation of these leads us to some of the most singular pheno- 
mena in the entire animal kingdom. In some species of 
Jlydractinia and Coryne^ the generative buds or “gonophorcs” 
exist in their simplest form — 
namely, as sacciform protuber- 
ances of the endoderm and ecto- 
derm, enclosing a diverticulum 
of the somatic cavity. In this 
form they arc attached to the 
‘‘ troj)hosome ” by a short stalk, 
and they are termed ‘‘ sporo- 
sacs'’ (fig. 40). They are exact- 
ly like the buds which wc have 
already seen to exist in the //>’- 
dra^ with this difference, that 
they are not themselves devel- 
oped into fre.sh polypites, but are 
.simply receptacles in which the 
essential elements of generation 
— the ova and spermatozoa — are 
prepared, by the union of which 
the young Corynid is produced. 

"J"he sporosac is almost invariably 
permanently attached to the trophosome, the only known ex- 
ception being in Dicoryne^ in which the sporosac, previous to the 
discharge of its ova, liberates itself from its outer investment, 
and swims about freely as an independent ciliated organism. 

* According to Mr Hincks, the ‘‘gonophore” is the hud in whicli the 
reproductive elements are formed. “ It consists of an external envcloju" 
(ectotheca), enclosing either a fixed generative sac between the walls of 
which the ova and spermatozoa arc developed, or a free sexual zooitl.” 
The actual sexual zoijid is termed by Mr Hincks the “gonozobid, ” w hether 

it be fixed or free— in other words, it is the gonophore itiinus it> external 
investment. The gonozobid is sometimes male, sometimes female ; and 
the same colony may produce one or both — the former being most C{)m- 
monly the case. 



Fig. 40. — Sporos.ac of liyiiviict uia echht- 
ata (after Allman), n Outer wall of 
the -sac ; h inner wall of the sac ; s Col- 
umn developed from the floor of the 
sjX)rosac, .and extending into its ca\ily. 
Ibis is termed the “spadix;” it con- 
tains a prolongation from the creno- 
sarcal canal, and the ova are developed 
aroujid it 
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In Cordylophora (fig. 41, b) a further advance in structure 
is perceptible. The gonophore now consists of a closed sac, 
from the roof of which depends a hollow process or peduncle 
— the “ manubrium ” — which gives off a system of tubes which 
run in the walls of the sac. For reasons which will be im- 
mediately evident, the gonophore in this case is said to have 
a ‘‘disguised'' medusoid structure (fig. 41, /;). 



^*ig. 41. — Reproductive processes of Hydrozoa. « Sporos.ic ; Disguised medusoid ; 
c Attached medusiform gonophore ; d Free mcdusiform gonophore. The cross shad- 
ing indicates the reproductive organs, ovaria or spermana. The part completely 
hlack indicates the cavity of the manubrium and the gonocalycinc canals. 


In certain Corynida^ however, we meet with a still higher 
form of structure, the gonophores being now said to be 
“ medusoid." In these cases the generative bud is primitively 
a simple sac — such as the “ sporosac" — but ultimately develops 
itself into a much more complicated structure. The gono- 
phore (fig. 41, c) is now found to be composed of a bell- 
shaped disc, termed the “ gonocalyx," which is attached by its 
base to the parent organism (the trophosome), and has its 
cavity turned outwards. From the roof of the gonocalyx, 
like tlie clapper of a bell, there depends a peduncle or 
“ manubrium," which contains a proce.ss of the somatic cavity. 
The manubrium gives out at its fixed or proximal end four 
prolongations of its cavity, in the form of radiating lateral 
tubes which run to the margin of the bell, where they com- 
municate with one another by means of a single circular canal 
which surrounds the mouth of the bell. 'Fhis system of lubes 
constitutes what is known as the system of the “gastro-vascular" 
or “ gonocalycine canals." The gonophore, thus constituted, 
may remain permanently attached to the parent organism, ns 
in Tubularia mdivisa (fig. 41,^); but in other cases still fur- 
ther changes ensue. In the higher forms of dcvelojmient (fig. 
42) the manubrium acquires a mouth at its free or distal ex- 
tremity, and the gonocalyx becomes detached from the parent. 
'I'he gonophore is now free, and behaves in every respect as an 
independent being. The gonocalyx is provided with marginal 
tentacles and with an inward prolongation from its margin. 
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which partially closes the mouth of the bell, and is termed the 
“veil” or “velum.” By the contractions of the gonocalyx, 
which now serves as a natatorial organ, the gonophore is pro- 



Fig. 42. — Free-swinuning mcdusiform gonophore of BougaiuviHea superciliat'is 
a fixed Hydroid. Enlarged. (After A. Agassis.) 


))elled through the water. The manubrium, with the shape, 
assumes the functions of a polypitc, and its cavity takes upon 
itself the office of a digestive sac. Growth is rapid, and the 
gonophore may attain a comparatively gigantic size, being now 
absolutely identical with one of those organisms which are com- 
monly called “jelly-fishes,” and are technically known as 
AIedus(e (fig. 42). In fact, as we shall afterwanls see, many 
of the gymnophthalmate Mcdusic^ originally described as a dis- 
tinct order of free-swimming Hydrozoa, are in truth merely 
the liberated generative buds, or “ medusiform gonophores,” of 
the permanently rooted Jlydroids, Finally, the essential gen- 
erative elements — the ova and spermatozoa — are developed in 
the walls of the manubrial sac, between its endodcrin and ecto- 
derm, and embryos are produced. These embryos, however, 
instead of resembling the organism which immediately gave 
them birth, develop themselves into the fixed Corynid from 
which the gonoi)hore was produced, thus completing the cycle. 

The swimming-bell of the medusiform gonophore is believed 
to be formed by a great development of an inter-tentacular 
web, such as is sometimes present, in a rudimentary form, in 
the nutritive zooids. Sometimes the raedusoid becomes quies- 
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cent towards the close of its existence, and the swimming-bell 
becomes reversed or atrophied. Lastly, in Clavate/ia, the 
sexual zooid, though free and locomotive, is not provided with 
a swimming-bell, but creeps about by means of suctorial discs 
developed on branches of the tentacles. 

As we have seen, the generative buds of the Corynida may 
exist in the following chief forms : i. As “ sporosacs,” or 
simple closed sacs, consisting of ectoderm and endoderm, with 
a central cavity in which ova and spermatozoa are produced. 
2. As “ disguised medusoids,** in which there is a central manu- 
brial process and a rudimentary system of gonocalycine canals ; 
but the gonocalyx remains closed. 3. As complete medusoids, 
which have a central manubrium, a complete system of gono- 
calycine canals, and an open gonocalyx ; but which never be- 
come detached. 4. As perfect medusiform gonophores (fig. 
42), which are detached, and lead an independent existence 
for a time, until the generative elements are matured. In 
whichever of these forms the gonophore may be present, the 
place of its origin from the trophosome may vary in different 
species of the order, i. They may arise from the sides of the 
polypites, as in Coryne and Stauridia; 2. They may be produced 
from the coenosarc, as in Cordylophora ; 3. They may be pro- 
duced upon certain special processes, which are termed ‘‘gono- 
blastidia,” as in Hydractinia and Dicoryne, These gonoblastidia 
(fig. 43, are processes from the body-wall or ccenosarc, which 
closely resemble true polypites in form, but differ from them 
in being usually devoid of a mouth, and in having shorter 
tentacles. They are, in truth, atrophied or undeveloped 
polypites. 

The gonoblastidia are the “ blastostyles ” of Prof. Allman, 
and are usually columniform in shape. They may carry spo- 
rosacs, or medusoid gonophores ; and they may be naked, or, 
in other orders, they may be protected within a chitinous re- 
ceptacle or “gonangium.^* 

As regards the development of the Corynida^ the embryo is very gener- 
ally, though not always, ciliated at first, when it is known as a “ planula ; ” 
but in one form the embryo leaves the gonophore as a free and locomotive 
polypite, and in another it is non-ciliated and amoeboid. The “planula 
IS a minute ciliated, cylindrical body, which swims about actively in the 
water. The embryonic cells of which it is composed divide into an outer 
and an inner layer, enclosing a central cavity, and it next passes into a 
condition which is common to the embryos of the Ccelenterata generally, 
and to which Hoeckel has applied the name of “gastrula.” At this stage, 
it consists of an ovate or rounded body, with a single central cavity, which 
communicates with the exterior by an aperture placed at one pole. The 
wall of this central cavity consists of two layers, an outer and an inner, 
corresponding with the ectoderm and endoderm of the adult, and also with 
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the two primitive layers of the germ of the Vertebrata, The “gastrula 
stage appears to be one very generally passed through by all animals 
higher than the Protoioay and by the Sponges amongst the latter, but 
there is a difference as to the manner in which the central cavity is formed. 



I’ jg- 43- — Diagram of sporosacs supported upon a gonoblastidion (or blastostyle). a 
Chiiinous investment (periderm) of the colony; b Ectoderm; c Endoderm ; p Poly- 
pi te ; Gonoblastidion, or columniform zodid, carrying sporosacs (j a) with o\a in 
their interior. (Altered from Allman.) 


In some cases it is formed by the hollowing out of the original sphere, and 
the formation of an opening (the primitive mouth) at one end, as seems to 
be generally the case in the Ca'lentcrata ; or, in other cases, it may be 
produced by an invagination or inversion of the primitive vesicle in such a 
manner as to form a central chamber, with a single aperture opening on 
the exterior. By fixation of the “ gastrula ” at its hinder extremity to some 
foreign object, and by the formation of tentacles round the mouth-opening 
at the other extremity, a hydraform polypite is at once produced, which (if 
not belonging to one of the simple forms) proceeds to develop the com- 
posite adult by a process of gemmation. In this process in the Corynida 
(as also in the Sertularida and Campanularidd) the new polypites are 
developed at or near the distal end of the hydrosoma, the distal polypites 
being thus the youngest ; whereas the reverse of this obtains amongst the 
Oceanic Ilydrozoa, 


The subject of the reproduction of the Corynida having 
been treated at some length, so as to apply to the remaining 
Hydroida^ we shall now give a brief description of the leading 
types of structure exhibited by the order. 
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Eudendritivi^ a genus of the Corynida^ which is not uncommonly found 
attached to submarine objects, usually in tolerably deep water, may be 
taken as a good example of the fixed and composite division of the order. 
The hydrosoma consists of numerous polypites, united by a coenosaic, 
which is more or less branched, and is defended by a horny tubular poly- 
pary. The polypites are borne at the ends of the branches and branchlels, 
and are not contained in “ hydrothecae,*’ the polypary ending abruptly at 
their bases. The polypites are non-retractile, of a reddish colour, and 
provided with about twenty tentacles, arranged round the mouth in a 
single row. Tubularia (fig. 44) is very similar to Eudcndriiim^ but the 

hydrosoma is either undivided or is 
very slightly branched. The hydrosoma 
consists of clustered horny tubes, of a 
straw colour, and not unlike straws to 
look at ; hence the common name of 
pipe-coralline given to this zoo[)hyte. 
Each tube is filled with a soft, semi- 
iluid, reddish coenosarc, and gives exit 
at its distal extremity to a single poly- 
j)ite. The polyj)ites are bright red in 
colour, and are not retractile within their 
tube.s, the horny polypary extending only 
to their bases. The polypites are some- 
what conical in shape, the mouth being 
placed at the apex of the cone, and they 
are furnished with two sets of tentacles. 
One set consists of numerous short 
tentacles placed directly round the 
mouth ; the other is composed of from 
thirty to forty tentacles of much greater 
length, arising from the polypite about 
its middle or near the base. Near the 
insertion of these tentacles the genera- 
tive buds are produced at proper sea- 
sons, The generative buds remain per- 
manently attached, but each is furnished 
with a swimming-bell, in which canals 
are present. The manubrium is destitute 
of a mouth, and the swimming-bell is 
converted into a nursery in which the 
embryo passes through the later stages 
of its development ” (Ilincks). 

Coryomorpha nutans may be taken 
Fig. 44. — Corynida. Fragment of to represent those Cotyttida in which 
iWwfrt, natural size. there is no polypary and the hydro- 
soma is simple. It is about four inches 
in length, and is fixed by filamentous roots to the sand at the bottom of the 
sea. It consists of a single whitish polypite, striped wuth pink, and ter- 
minating upwards in a spear-shaped head, round the thickest part of which 
is a circlet of from forty to more than one hundred long white tentacles. 
Above these comes a series of long, branching gonoblastidia, bearing gono- 
phores, and succeeded by a second shorter set of tentacles which surround 
the mouth. The gonophores become ultimately detached as free-swim- 
ming medusoids. 

Another remarkable example of the Corynida is Hydractinia (fig. 45). 
In this genus the polypites are gregarious, and the polypary forms a homy 
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crust which spreads over shells and* other foreign bodies. The tentacles of 
the nutritive zooids form a single sub-alternate series. The generative 
buds are produced upon imperfect, non-tentaculate polypites ; and are 
mere sac-shaped protuberances, enclosing diverticula from the body-cavity, 
but not detached from the parent organism. 



is- 45 — Group of zooids of Hydractinia fc/iiuata, enlarged. (After Hincks.) 
rt rt N utritive zooids ; b Generative zooids, carrying sacs filled with ova. 

Order III. Sertularida {Calyptoblastica, Allman; 
caphorOf Hincks). — This order comprises those Hydrozoa 
“ whose hydrosoma is fixed by a hydrorhiza^ and consists o 
several polypites^ protected by hydrothecce^ and connected by a 
cmiosarc^ which is usually branched and invested by a very firm 
outer layer. Reproductive organs in the form of gonophores 
arising from the ccenosarc or from gonoblastidia'' (Greene), 
The Sertularida resemble the Corynida in becoming perma- 
nently fixed after their embryonic condition by a hydrorhiza, 
which is developed from the proximal end of the ccenosarc ; 
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but they differ in the fact that the polypites are invariably pro- 
tected by “ hydrothecje,” or little cup-like expansions of the 
polypary (fig. 46, if) ; whilst the hydrosonia is in all cases 




Kig. 46. — a Seriularia (Di/has/a) natural size ; a' Fragment of the same en- 

larged, carrying a male capsule (v), and showing the hydrotheca; (A) ; A Fragment of 
Catnpanularia neglecia (after Hincks), showing the polypites contained in their 
hydrothecae (A), and also the point at which the cocnosarc communicates with the 
stomach of the polypite (<r). 

composed of more than a single polypite. The mouth of the 
hydrotheca is generally furnished with an operculum or valve 
for its closure. Owing to the presence of “ hydrothecse,” the 
name of “ Calyptoblastic Hydroids” has been proposed by 
Professor Allman for the Sertularians and Campanularians. 
In all these forms, also, the generative buds are similarly en- 
closed in chitinous receptacles — the so-called “ gonothecse ” or 
“gonangia.” The coenosarc generally consists of a main stem 
— or “ hydrocaulus ” — with many branches ; and it is so plant- 
like in appearance that the common Sertularians are almost 
always mistaken for sea- weeds by visitors at the seaside. It 
is invested by a strong corneous or chitinous covering, often 
termed the “periderm.” 

The polypites are sessile or sub-sessile, hydra form, and in 
all essential respects identical with those of the Corynida^ 
though usually smaller. Each polypite consists of a soft, con- 
tractile and extensile body, which is furnished at its distal 
extremity with a mouth and a circlet of prehensile tentacles, 
richly furnished with thread-cells. The tentacles have an in- 
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distinctly alternate arrangement. The mouth is simple or 
lobed, and is placed, in manycases, at the extremity of a more 
or less prominent extensile and contractile proboscis. The 
mouth opens into a chamber which occupies the whole length 
of the polypite, and is to be regarded as the combined body- 
cavity and digestive sac. At its lower end this chamber opens 
by a constricted aperture into a tubular cavity which is every- 
where excavated in the substance of the coenosarc (fig. 46, d). 
The nutrient particles obtained by each polypite thus serve for 
the support of the whole colony, and are distributed through- 
out the entire organism. The nutritive fluid prepared in the 
interior of each polypite gains access through the above-men- 
tioned aperture to the cavity of the coenosarc, which by the 
combined exertions of the whole assemblage of polypites thus 
becomes filled with a granular nutritive liquid. The ccenosar- 
cal fluid is in constant movement, circulating through all parts 
of the colony, and thus maintaining its vitality, the cause of 
the movement being probably due in part, at any rate, to the 
existence of vibrating cilia. The generative buds (gonophores 
or ovarian vesicles) are usually supported upon gonoblastidia, 
and do not become detached in the true Sertularids. They 



Kig. 47. — Diagrams of the gonotheca;, with their con- Fig. 48. — Ovarian cap- 

tents, of the Scrtularians and Cainpanularians. n sale of Diphasia {Ser~ 

Chitinous envelope ; g Central gonoblastidion or tularia) opoxuiaia^ 

blastostyle; e Medusitorm gonophores carried upon Linn, (after Hincks). 

the blastostvie, each with a central manubrium, in Greatly enlarged, 

the walls of which the generative elements are pro- 
duced : r Sporosacs carried upon the blastostyle, 
each with a central pillar (spadi.\), round which the 
ova are developed. (Altered from Allman.) 

are developed in chitinous receptacles known as “ gonothecic ” 
(figs. 47, 48). 
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Sometimes the “ gonangium ” or “ gonotheca ” contains only 
a single gonophore, but more commonly it contains several, 
which increase in maturity as we recede from the base of the 
gonoblastidion (or blastostyle) and approach its summit (fig. 
47, B). The buds carried on the sides of the blastostyle may 
have the form either of sporosacs or of medusoids. The ova 
may be directly discharged into the surrounding water, or may 
be retained for some time in a peculiar receptacle, where 
they undergo further development, and which is supported 

upon the summit of the 
gonangium, and lies entire- 
ly external to its cavity ” 
(Allman). 

In Plumularia and some 
of its allies there occur cer- 
tain peculiar structures, to 
which the name of “nema- 
tophores has been applied. 
Each of these consists of 
a process of the ccenosarc, 
which is invested by the 
horny polypary, with the 
exception of the distal ex- 
tremity, which remains op- 
en. The nematophores are 
sometimes fixed, sometimes 
movable. They “consti- 
tute cup -like appendages 
(fig, 49, n n) formed of 
chitine, and filled with pro- 
toplasm, which has the j)ow- 
er of emiting pseudopodia 
or amceboid prolongations 
of its substance, and hav- 
ing their cavity in commu- 



Fig. 49, —Portion of a branch of llication with that Of the 

enlarged. (After Allman.) /One pommoil tuhp of thp hvdro- 
of the polypites ; n n n Nematophores emu- ^ J*,, v m 

ting pseudopodial filaments of sarcode ; n’ CaulUS (Allman). Wllllst 
Nematophore with its .sarcodic contents _r 4.1,^ 

quiescent ; c Coenosarc enclosed within the p 3 .rt Ol tnC SarCOuC in Cacll 

polypary. nematophore is capable of 

being extended in long fila- 
ments resembling the pseudopodia of an Amceba^ another por- 
tion is charged with large thread-cells, and is not capable of 
emission in this way. The function of these extraordinarily 
modified zooids is uncertain. 
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Order IV. Campanularida. — The members of this order 
are closely allied to the Sertularida ; so closely, indeed, that 
they are very often united together into a single group. The 
chief difference consists in the fact that the hydrothecse of the 
Campanularida^ with their contained polypites, are supported 
upon conspicuous stalks, thus being terminal in position (figs. 
46, and 50) ; whilst in the Sertularida they are sessile or sub- 



^ig. 50- -Portion of the colony of Clvtia {Cant/^iinulario) yoftpistoni^ magnified. 

. p Nutritive zooid ; g Capsules in which the reproductive zoOid.s are produced, 

sessile, and are placed laterally upon the branchlets. The 
gonophores also in the Campanularida are usually detached as 
free-swimming medusoids, whereas they remain permanently 
attached in the Sertularians, Each medusoid consists of a 



126 


MANUAL OF ZOOLOGY. 


little transparent glassy bell, from the under surface of which 
there is suspended a modified polypite, in the form of a 
“manubrium” (fig. 51). The whole organism swims gaily 

through the water, propelled by the 
a contractions of the bell or disc 

f igonocalyx) ; and no one would now 
suspect that it was in any way re- 
lated to the fixed plant like zoo- 
phyte from which it was originally 
budded off. The central polypite 
is furnished with a mouth at its 
distal end, and the mouth opens 
into a digestive sac. From the 
proximal end of this stomach pro- 
ceed four radiating canals which 
extend to the circumference of the 
disc, where they all open into a 
f single circular vessel surrounding 
the mouth of the bell. From the 
margins of the disc hang also a 
number of delicate extensile fila- 
ments or tentacles ; and the circum- 
ference is still further adorned with 
a series of brightly-coloured spots, 
w^hich are probably organs of sense, 
t ig- 51 ““ medusiform gono- The uioutli of the bcll is partially 

closed by a delicate transparent 
manubruim ; ^ ^ Radiating gastro- membrane or shelf, thc so-called 
w Marginal bodies ; rrentacics. “ vcil. TIius Constituted, thesc 

beautiful little beings lead an in- 
dependent and locomotive existence for a longer or shorter 
period. Ultimately, the essential elements of reproduction 
are developed in special organs, situated in the course of the 
radiating canals of the disc. The resulting embryos are ciliated 
and free-swimming, but ultimately fix themselves, and develop 
into the plant-like colony from which fresh medusoids may be 
budded off 7'he ova in the medusiform gonophores are usu- 
ally developed in the course of the gonocalycine canals, and 
not between the ectoderm and endoderm of the manubrium, 
as is the case in the Corynida, Examples of the order are 
Campanularia, Laomedeay &c. The distinctions between the 
Sertularida and Campanularida are certainly insufficient to 


justify their being placed in separate orders. .If united to- 
gether, it would probably be best to adopt the name of Calyp- 
toblasiica (Allman) or Thecaphora (Hincks) for the order, and 
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to employ the names Sertularida and Campanularida for the 
sub-orders. 

Order V. Thecomedus^e. — Professor Allman has recently 
described under the name of Stephanoscyphus mirabilis, a very 
remarkable Hydrozoon, which he believes to form the type of a 
new order. This singular organism is invariably associated with 
a species of Sponge, in the substance of which it is embedded. 
It consists of a congeries of chitinous tubes, which permeate 
the sponge-substance, and which open on its surface by large 
openiiogs resembling oscula. At their bases the tubes are 
connected by horizontal branches, and they expand widely 
as they approach the surface; where their contents become 
developed into a remarkable body, which has the power of 
extending itself beyond the mouth of the tube, and again of 
withdrawing within it. This body is furnished with a crown 
of tentacles, and is essentially medusi/orm in its structure. 
There is a circular canal at the base of the tentacular crown, 
surrounding the central opening, with four radiating canals 
proceeding backwards from this ; but no lithocysts, ocelli, nor 
velum have been detected. For this curious organism. Pro- 
fessor Allman proposes the formation of a new order under the 
name of I'hecomedusce. 

Order VI. Medusid^e or Hydromedusid^e (Aca/tp/i^s* in 
part). — The organisms included in this order have often been 
separated as a distinct sub-class of the Hydrozoa ; but they 
are, perhaps, best regarded as a mere order of the Hydroid 
Zoophytes, characterised by the fact that the hydrosoma is free- 
S2vim7nmg atid oeca^iic, consistuig of a single sunmmhig^bell 

7iectocalyx^^),f7Vf7i the roof of which is suspetided a single poly- 
pile, A system of canals is dei'cloped in the walls of the swim- 
mi tig bell, and the reproductive organs are processes of the sides 
of these canals or of the walls of the poly pile. 

The Medusidee comprise most of the smaller organisms com- 
monly known as Jelly-fishes or Sea-nettles, the last name being 
derived from the property which some of them possess of 
severely stinging the hand, this power being due to the presence 
of numerous thread-cells. As employed by modern naturalists, 

* The old sub-class of the Acalepha contained the Gymnophthalmatc 
Mcdus(e the Discophora), and the Stegattophthalmate Medusa: (— tlie 
Lucernarida in part), the two being placed in a single order under the 
name of Pulmograda, The Acaltpha also contained the Ctenophora and 
the CalycophoridiE and Physophorida, of which the former constituted the 
order Ciliograda, whilst the two latter made up the order P/iysotpuida. 
The Ctenophom, however, are now generally placed amongst the Actinozoa, 
vihxXsit. ihe Calyeophoridic ViX\ 6 . Physophorida consixiwXQ Ilydrozoal sub- 
class Siphonophora, 
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the order is very much restricted, many of its members having 
been shown to be really the free generative buds of other 
Hydrozoa, As used here, it corresponds to part of the Gym- 
nophthalmate Medusa of Professor E. Forbes, the Steganoph- 
thalmate Medusa of the same author being now placed in the 
sub-class Lucernarida, 

The hydrosoma of one of the Medusida ( = a Gymnophthal- 
mate Medusa) is composed of a single, gelatinous, bell-shaped 
swimming organ, the “nectocalyx” or “disc,” from the roof 
of which a single polypite is suspended (figs. 52, 53), The 



Fig. p. '—Morphology of Medusid®. a A Medusoid seen in profile, 

showing the central polypite, the radiating and circular gonocalycine canals, the 
marginal vesicles and tentacles, and the reproductive organs ; b The same viewed 
from below. The dotted line indicates the margin of the velum. 


interior of the nectocalyx is often called the “ nectosac,” and 
the term “ codonostoma ” has been proposed to designate the 
open mouth of the bell. The margin of the nectocalyx is pro- 
duced inwards to form a species of shelf, running round the 
margin of the mouth of the bell, and termed the “ veil ” or 
“ velum,” by the presence of which the nectocalyx is distin- 
guished from the somewhat similar “umbrella” of the Lucer- 
narida. The endodermal lining of the central polypite or 
“manubrium” (sometimes called the “proboscis”) is pro- 
longed into four, sometimes more, radiating canals, which run 
to the periphery of the nectocalyx, where they are connected 
by a circular canal which runs round its circumference, the 
whole constituting the system of the “nectocalycine canals” 
(often called the “ chylaqueous ” or “ gastro- vascular canals ”). 
From the circumference of the nectocalyx depend marginal 

* The form here figured (fig. 52), though in all respects anatomically 
identical with the true Medusa, and originally described as such, is now 
known to be in reality the medusoid bud of a fixed Hydroid. It illustrates 
the structure and form of the Medusa, however, just as well as though it 
were completely independent in its development. 
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tentacles, which are usually hollow processes, composed of 
both ectoderm and endoderm, and in immediate connection 
with the canal system. Also round the circumference of the 



53* “7 Trachynetua digitate^ a naked-eyed Medusa, female, enlarged. (After A. 
Agassi/.) p Manubrium or central polypite ; / One of the tentacles ; c One of the 
gastro-vascular canals ; o One of the ovaries. 

nectocalyx are disposed certain “ marginal bodies,” of which 
two kinds may be distinguished. Of these the first are termed 
“ vesicles,” and consist of rounded sacs lined by epithelium, 
and containing one or more solid, motionless concretions — 
apparently of carbonate of lime — immersed in a transparent 
fluid. The second class of marginal bodies, variously termed 
“ pigment-spots,” “ eye-specks,” or “ ocelli,” consists of little 
aggregations of pigment enclosed in distinct cavities. The 
“ vesicles ” are probably rudimentary organs of hearing, and 
possibly the eye-specks are a rudimentary form of visual af)- 
paratus. The oral margin of the polypite may be simple, or it 
may be produced into lobes, which are most frequently four 
in number. The essential elements of generation are produced 
in simple expansions either of the wall of the manubrium or of 
the radiating nectocalycine canals. 
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From the above description it will be evident that the 
Medusa is in all essential respects identical in structure with 
the free- swimming generative bud or gonopjiore of many of 
the fixed and oceanic Hydrozoa, Indeed, a great many forms 
which were previously included in the Medusidce have now 
been proved to be really of this nature ; and it is only in a 
comparatively small number of Medusce that the direct mode of 
development which alone would entitle them to be ranked as 
independent organisms has been observed. The Trachynemidce, 
yEginidce, and Geryonidce appear, however, to be directly de- 
veloped from the ovum, and are therefore properly placed in 
the present order; while we may temporarily include here a 
number of Medusoid forms, the development of which is at 
present unknown. 

As to the development of these true Medus/d^e, little is 
known for certain. It appears, however, that in Trachynema, 
.Egi;io/>sis, and other genera, the embryo is directly developed 
into a form resembling its parent, without passing through any 
intermediate changes of form. It is hardly necessary to remark 
that this is not the case with the embryos of a medusiform 
gonophore, these being developed into the sexless Hydrozoon 
by which the medusoid was produced. It has also been shown 
that various of the true Medusce {Cunina, yEgineta, have 
the power of producing new forms like themselves by a process 
of budding, the phenomena attendant upon this being some- 
times of great interest. 

In this connection, allusion may be made to the long-known 
fact that certain “ medusiform gonophores are likewise 
capable of producing independent forms directly resembling 
tliemselves by a process of gemmation, and not by one of true 
reproduction. Technically these are called tritozooids,” as 
being derived from organisms which are themselves but the 
generative zooids of another being. This singular phenome- 
non has been observed in various medusiform gonophores (e.g.^ 
Sarsia ge/nmi/era), the buds springing in different species from 
the gonocalycine canals, from the tentacles, or from the sides 
of the polypite or manubrium. 

The “naked-eyed** Medusce and their allies the “medusi- 
form gonophores,** though mostly very diminutive in point of 
size, are exceedingly elegant and attractive when examined in 
a living condition, resembling little bells of transparent glass 
adorned here and there with the most brilliant colours. They 
occur in their proper localities and at proper seasons in the 
most enormous numbers. They are mostly ])hosphorescent, 
or capable of giving out light at night, and they appear to be 
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one of the principal sources of the luminosity of the sea. It 
does not seem, however, that they phosphoresce, unless irri- 
tated or excited in some manner. 


CHAPTCR IX. 

SIPHONOPHORA, 

Sub-class II. Siphonophora. — The members of this sub- 
class constitute the so-called “Oceanic Hydrozoa and are 
characterised by the possession of a '‘'‘free and oceanic hydro- 
soma^ consisting; of several poly piles united by a flexible^ contrac- 
tile, unbranched or sli^fitly-branched ca^nosarc, the proximal end 
of which is usually furnished with ‘ nectocalyces' and is dilated 
into a ' soma focyst^ or into a ^ pneumatophore' '' (Greene). 

All the Siphonophora are unattached, and permanently free, 
and all are composite. They are singularly delicate organisms, 
mostly found at the surface of tropical seas, the Portuguese 
man-of-war {Physalia) being the most familiar member of the 
group. The sub class is divided into two orders — viz., the 
Calycophoridce and the Physophoridee, 

Order I. Calycophoridce. — This order includes those 
Siphonophora whose hydrosoma is free and oceanic^ and is pro- 
pelled by “ nectocalyces^^ attached to its proximal end. The hydro- 
soma consists of se 7 rral poly piles, united by an unbraiiched coeno- 
sarc, which is highly flexible and contractile, and neroer dercelops a 
hard cuticular layer. The proximal end of the hydrosoma is 
modified into a peculiar cavity called the “ sotnaiocysP^ The re- 
productive organs are in the form of medusiform gonophores pro- 
duced by budding from the peduncles of the polypites. 

In all the Calycophoridce the coenosarc is filiform, cylindrical, 
unbranched, and highly contractile, this last property being due 
to the presence of abundant muscular fibres. “ The proximal 
end of the coenosarc dilates a little, and becomes ciliated in- 
ternally, forming a small chamber” which communicates with 
the nectocalycine canals. “ At its upper end this chamber is 
a little constricted, and so passes, by a more or less narrowed 
channel, into a variously-shaped sac, whose walls are directly 
continuous with its own, and which will henceforward be termed 
the somatocyst (fig. 54, 3 b). The endoderm of this sac is cili- 
ated, and it is generally so immensely vacuolated as almost to 
obliterate the internal cavity, and give the organ the appearance 
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of a cellular mass” (Huxley). The polypites in the Calyco- 
phoridce often show a well-marked division into three portions, 
termed respectively the proximal, median, and distal divisions. 



Fig. 54.— Morphology of the Oceanic Hydrozoa. i. Diagram of the proximal extremity 
of a Pkysophorid ; a Pneumatocyst. 2. Vogtta pentacantka, one of the Cnlyco- 
Phoruiee: n Nectocalyces ; P Polypites; t Tentacles. 3. Diagram of a Calyco' 

f horid: a a' Proximal and distal nectocalyces ; b Somatocyst ; c Cocnosarc ; d 
lydrophyllium or bract; e Medu-siform gonophorc ; / Polypite. The dark line.s in 
figs. I and 3 indicate the endoderm, the light line with the clear space indicates the 
ectoderm. (After Huxley.) 


Of these the “ proximal ” division is somewhat contracted, and 
forms a species of peduncle, which often carries appendages. 
The ‘‘ median ” portion is the widest, and may be termed the 
“ gastric division,” as in it the process of digestion is carried 
on. It is usually separated from the proximal division by a 
valvular inflection of the endoderm, which is known as the 
pyloric valve.” The polypites have only one tentacle ** de- 
veloped near their basal or proximal ends, and provided with 
lateral branches ending in saccular cavities,” and furnished 
with numerous thread-cells. The proximal ends of the poly- 
pites usually bear certain overlapping plates of a protective 
nature, which are termed “ hydrophyllia ” or “bracts.” They 
are composed of processes of both ectoderm and endoderm 
(fig. 54, 3 d), and they always contain a diverticulum from the 
somatic cavity, which is called a “phyllocyst.” The Calyco- 
phoridee always possess swimming-bells, or “ nectocalyces,” by 
the contractions of which the hydrosoma is propelled through 
the water (fig. 54, 2). The nectocalyx in structure is very 
similar to the ^‘gonocalyx” of a medusiform gonophore, as 
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already described ; but the former is devoid of the gastric or 
genital sac — the “manubrium ** — possessed by the latter. Each 
nectocalyx consists of a bell-shaped cup, attached by its base 
to the hydrosoma, and provided with a muscular lining in the 
interior of its cavity, or “nectosac.” There is also always a 
‘‘ velum ” or “ veil,” in the form of a membrane attached to 
the mouth of the nectosac round its entire margin, and leaving 
a central aperture. The peduncle by which the nectocalyx is 
attached to the hydrosoma conveys a canal from the somatic 
cavity which dilates into a ciliated chamber, and gives off at 
least four radiating canals, which proceed to the circumference 
of the bell, where they are united by a circular vessel; the 
entire system constituting what is known as the system of the 
“ nectocalycine canals.” In the typical Calycophoridce two 
nectocalyces only are present, but in some genera there are 
more. In Praya the two nectocalyces are so apposed to one 
another that a sort of canal is formed by the union of two 
grooves, one of which exists on the side of each nectocalyx. 
This chamber, which is present in a more or less complete 
form in all the genera, is termed the “ hydrcecium,” and the 
coenosarc can be retracted within it for protection. 

The reproductive bodies in the Calycophorida are in the form of medusi- 
form gonopliores, which are budded from the peduncles of the polypites, 
becoming, in many instances, detached to lead an independent existence. 

1 n some Calycophoridiv^ as in Abyla^ ‘ * each segment of the camosarc, pro- 
vided with a polypite, its tentacle, reproductive organ, and hydrophyllium, 
as it acquires a certain size, becomes detached, and leads an independent 
life — the calyx of its reproductive organ serving it as a propulsive apparatus. 
In this condition it may acquire two or three times the dimensions it had 
when .attached, and some of its parts may become wonderfully altered in 
form ” (Huxley). To these detached reproductive portions of adult Caly^ 
cophoridie the term “ Dij)hyozodids ” has been applied. 

As regards the development of the CalycophoridiHy “not only the new 
polypites, but the new nectocalyces and reproductive organs, and even the 
i)ranches of the tent.acles, are developed on the proximal side of the old 
ones; so that the distal appendages are the oldest” (Huxley). The pro- 
cess of development is therefore the reverse of what obtains amongst the 
Hydi'oida, 

Diphyes (fig. 55), which may be taken as the type of the 
Calycophoridce^ consists of a delicate filiform coenosarc, pro- 
vided proximally with two large mitre- shaped nectocalyces 
( 7 ;, v')y of which one lies entirely on the distal side of the other. 
The pointed apex of the distal nectocalyx is received into a 
special cavity in the proximal nectocalyx. The “ hydrcecium ” 
{h) is formed partially by this chamber in the nectocalyx, and 
partially by an arched groove prolonged upon the inner surface 
of the distal nectocalyx, within which the coenosarc moves 
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fredy up and down, and Can be entifely retracted if hecessaiy. 
The upper part of the coenosarc dilates into a small ciliated 
^cavity, from which are given off two tubes, which proceed re- 
spectively to the distal and proximal necto- 
calyces, where they , open into the central 
chamber from which the nectocalycine 
canals take their rise. The upper portion 
of this small ciliated cavity is prolonged 
proximally into the larger chamber of the 
“ somatocyst.” The coenosarc {c) bears 
polypites, each of which is protected by a 
delicate glassy “ hydrophyllium.” 

Order II. PHYSOPHORiDiE. — This sec- 
ond order of the OceaJiic Hydrozoa com- 
prises those Siphonophora in which the 
hydrosoma consists of sei^eral polypites united 
by a flexible^ contjvctile, unbranched or very 
slightly branched cmiosarc^ the pfvximal ex- 
tremity of which is modified into a pneuma- 
^ tophoref arid is sometimes proinded 7 t>ith 
nectocalycesl' The polypites have either a 
single basal tentacle^ or the tentacles arise 
directly from the coenosarc. “ Ilydrophyllia ” 
are commonly present. The reproductive 
bodies are developed upon gonoblastidia. 

The coenosarc in the Fhysophoridee^ like 
that of the Calycophoridce^ is perfectly flex- 
pig- 55- — Caiycophor- iblc and COD tractile ; but it is not neces- 
sarily elongated, being sometimes spheroidal 
V Proximal nectoca- or discoidal. The proxiuial end of the 
c^yxi/i HylfnEcfum ; cocnosarc “ expands into a variously-shaped 
f Canosarc, carrying enlargement, whose walls consist of both 
£rac?and tentacle, ectoclcrm and cndodcrm, and which en- 
closes a wide cavity in free communica- 
tion with that of the coenosarc, and, like it, full of the nutritive 
fluid. From the distal end, or apex, of this cavity depends 
a sac, variously shaped, but always with tough, strong, and 
elastic walls, composed of a substance which is stated to be 
similar to chrtine in composition, and more or less completely 
filled with air” (Huxley). The large proximal dilatation of 
the ccenosarc is termed the pneumatophore,” whilst the chiti- 
nous air-sac which it contains is termed the “ pneumatocyst ” 
(fig. 54, i). The pneumatocyst is held in position by the 
reflection of the endoderm of the pneumatophore over it, and 
it doubtless acts as a buoy or “float.” In the Portuguese 
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man-of-war (Physalia) the pneumatocyst communicates with 
the exterior by means of an aperture in the ectoderm of the 
pneumatophore. Jix Vddla ■ pneumatocyst 

communicates with the exterior by means of several similar 
openings called “ stigmata ; ” and from its distal surface de- 
pend numerous slender processes containing air, and known 
as pneumatic filaments.’* 

The polypi tes of the Fkysophoridce resemble those of the 
Calyccphorida: in shape, but the tentacles have a much more 
complicated structure, and are sometimes many inches in 
length, as in Physalia. The “ hydrophyllia ” have essentially 
the same structure as those of the former order. There occur 
also in the Physophoridce certain peculiar bodies, termed 
“ hydrocysts ” or “ feelers ” (** fiihler ” and taster ” of the Ger- 
mans). These resemble immature polypites in shape, consist- 
ing of a prolongation of both ectoderm and endoderm, usual 1}^ 
with a tentacle, and containing a diverticulum of the somatic 
cavity, the distal extremity being closed, and furnished with 
numerous large thread-cells. They are looked upon as “organs 
of prehension and touch,” and they are somewhat analogous 
to the nematophores ” of the Plumularians. 

As regards the reproductive organs, they are developed 
upon special processes or “ gonoblastidia,” and they may re- 
main permanently attached, or they may be thrown off as 
free -swimming mcdusoids. In many of the Physophoridce the 
male and female gonophores differ from one another in form 
and size, and they are then termed respectively “andro- 
I)hores ” and “ gynophores.” As regards their development, 
the Physophoridce obey the same general law as the Calyco- 
phoridiC. 


In Physophora the hydrosoma consists of a filiform ccenosarc, 'which 
liears the polypites and their appendages, and dilates proximal ly into a 
pneumatophore. llelow this point the ctenosarc bears a double row of 
nectocalyces, which are channelled on their inner faces to allow of their 


attachment to the ctenosarc. There are no hydrophyllia, but there is a 
sepes of “hydrocysts” on the proximal side of the polypites. 

oJL-thti. Roiluguese man-of-war ^hg. 5t), (i\ is, composed of a 
large, bladder-like, fusiform “float” or pneumatophore— .sometimes from 
eight to nine inches in length — upon the under surface of which are arranged 
a number of polypites, together with highly contractile tentacles of great 
length, “ hydrocysts,” and reproductive organs. Physalia is of common 
occurrence, floating at the .surface of tropical seas ; and fleets of it are not 
uncommonly driven upon our own shores. 

In Velella (fig. 56, b) the hydro.soina consists of a widely-expanded pneu- 
raatophore of a rhomboidal shape, carrying upon its iipjier surface a dia- 
gonal vertical crest. Both the horizontal disc and the vertical crest are 


composed of a soft marginal “limb,” and a central more consistent “firm 
part.” “To the distal surface of the firm part of the disc are attached llie 
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several appendages, including — i, a single large polypite, nearly central in 
position ; 2, numerous small gonoblastidia, which resemble polypites, and 
are termed * phyogemmaria and, 3, the reproductive bodies to which 
these last give rise. The tentacles are attached, quite independently of 




56. — Physophorid.e. a Portuguese man -of- war Htncnlus\ showing 

the fusiform float and the polypites and tentacles (after Huxley) ; b Vclella vul- 
garis (after Gossc). 

the polypites, in a single series along the line where the firm part and limb 
of the disc unite. There are no hydrocysts, nectocalyces, or hydrophyllia. 

. . . On all sides the limb is traversed by an anastomosing system of 

canals, which are ciliated, and communicate with the cavities of the phyo- 
gemmaria and large central polypite” (Greene). Veldla is about two 
inches in length by one and a half in height. It is of a beautiful blue 
colour and semi-transparent, and it floats at the surface of the sea, with its 
vertical crest exposed to the wind as a sail. 
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CHAPTER X. 

LUCERNARIDA, GRAPTOLITIDJL, AND 
H YDR O CORA LLIN^. 

Sub-class IV. Lucernarida {Acaiephee, in part). — The mem- 
bers of this sub-class may be defined as Hydrozoa “ whose 
hydrosoma has its base devdoped into an ‘ umbrella^ in the walls 
of 7 vhich the reprodudi\e organs are produced^^ (Greene). 

A large number of forms included in the Lucernarida were 
described by Edward Forbes under the name oi SteganophthaL 
mate Mednsce, being in many external characters closely similar 
to the Medusidce. These hidden-eyed ” Alediisce are familiar 
to every one as “ sea - blubbers ” or ‘‘sea-jellies,’* and they 
occur in great numbers round our coasts during the summer 
months. I'he resemblance to the little jelly-fishes is especially 
strong between the disc or “nectocalyx” of the true Medusidce 
and the “umbrella** of the Lucernarida, the latter being often 
a bell - shaped swimming organ, with marginal tentacles, and 
containing one or more polypites. These analogous struc- 
tures (figs. S3 and 59) are, however, distinguished as follows : 
1. The “ umbrella” of the Lucernarida is never furnished with 
a “ velum,’* as is the nectocalyx of the Mcdusidce. 2. The radi- 
ating canals in the former are never less than eight in number, 
and they send off numerous anastomosing branches, which 
join to form an intricate network ; whereas in the latter they 
are rarely more t.'.an four in number, and though they may 
subdivide, they do not anastomose. 3. In the place of the 
separate and unprotected “ vesicles ** and “ ocelli ” of the 
Mcdusidce, the marginal bodies of the Lucernarida consist of 
these bodies combined together into single organs, which are 
termed “lithocysts,” and which are protected externally by a 
sort of hood. 

The Lucernarida admit of being divided into three orders — 
viz., the Lucernariadee, the Pelaguicc, and the Rhizostomidee. 

Order I. LucERNAKiADiE. — This order includes those Lu- 
cernarida which have only a single polypite, are fixed by a proxi- 
mal hydrorhiza, and possess short tentacles on the margin of the 
umbrella. The reproductive elements are developed in the primi- 
tive hydrosoma without the intenmtion of free zobids'^ (Greene). 

In Lucernaria (fig. 57), w^hich may be taken as the type of 
the order, the body is campanulate or cup-shaped, and is 
attached proximally at its smaller extremity by a hydrorhiza, 
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which, however, like that of the Hydra^ is not permanently 
fixed. When detached, the animal is able to swim with toler- 
able rapidity by means of the alternate contraction and expan- 
sion of the umbrella. Around the mar- 
gin of the umbrella are tufts of short 
tentacular processes, and in its centre 
is a polypite with a quadrangular four- 
lobed mouth. “ In transverse section 
the polypite may be described as some- 
what quadrilateral, with a sinuous out- 
line which expands at its four angles 
to form as many deep longitudinal 
folds, within which the simple genera- 
tive bands are lodged ” (Greene). Wide 
longitudinal canals are formed by septa 
passing from the walls of the polypite 
to the inner surface of the cup, and 
a circular canal runs immediately be- 
neath the insertion of the tentacles, 
liie reproductive elements are pro- 
duced within the body of Lucemaria 
itself, without the intervention of any 
generative zooid. 

Order II. Pelagid^:. — This order 
is defined as including Lucernarida 

sT- ’-Lucemariad*. 4«. 'li’hich possess a sing/e polypite only, and 
cermiria auricula attached ati Umbrella With marginal tentacles. 
johnSon). The reproductive elements are devel- 

oped itt a free umbrella^ which either con- 
stitutes the primitive hydrosoma^ or is produced by fission from an 
attached Lucernaroid ” (Greene). 

Two types, therefore, exist in the Pelagidee. The one type 
is represented by a fixed “ trophosome,” resembling Lucer- 
naria^ but distinguished from it by the fact that the generative 
elements are not developed in the primitive hydrosoma, but in 
a free “gonosome,’* which is produced for the purpose. The 
second type, represented by Pelagia itself, is permanently free, 
thereby differing from Lucemaria^ wdiich it approaches, on the 
other hand, in the fact that its generative elements are pro- 
duced in its own umbrella without the intervention of free gen- 
erative zooids. Pelagia^ however, differs considerably in struc- 
ture from Lucemaria^ and in all essential characters is not 
anatomically separable from a Steganophthalmate Medusid, 
The process of reproduction as displayed in the first section of 
the Pelagidee will be considered when treating of that of the 
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Rhizostomidce^ there being no important difference between 
the two, except as concerns the structure of the generative 
zooids. 

Order III. RHizDSTOMiDi®. — The members of this order 
are defined as being Luceniarida in which the reproductive 
elements are developed in free zooids^ produced by fission from 
attached Lticernaroids. The umbrella of the generative zooids is 
without marginal tentacles^ and the polypites are numerous ^ 
modifiedy foi‘ 7 ning with the genitalia a dendrifot'tn mass depending 
from the umbrella " (Greene). 

The following is a brief summary of the life-history of a 
member of this extraordinary order (fig. 58), the illustration, 
however, representing the development of Aurelia^ one of the 



58- -- Development of Aurelia, one of the Lnceruarida. a Ciliated frec-swimming 
embryo, or “ planula ; ” h Hydra-tuba; c Hydra-tuba in which fission has consider- 
ably advanced, and the “ Strobila” stage has been reached : d Hydra-tuba in which 
the fission has proceeded still further, and a large number of the segments have been 
already detached to lead an indei>endent existence. 


PelagidcBy in which the phenomena are essentially the same. 
The embryo is a free - swimming, oblong, ciliated body, 
termed a “ planula ” (^7), of a very minute size, and composed 
of an outer and inner layer, enclosing a central cavity. The 
planula soon becomes pear-shaped, and a depression is formed 
at its larger end. “Next, the narrower end attaches itself to 
some submarine body, whilst the depression at the opposite 
extremity, becoming deeper and deeper, at length communi- 
cates with the interior cavity. Thus a mouth is formed, 
around which may be seen four small protuberances, the 
rudiments of tentacula. In the interspaces of these four 
new tentacles arise; others in quick succession make their 
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appearance, until a circlet of numerous filiform appendages, 
containing thread - cells, surrounds the distal margin of the 
‘Hydra- tuba ^ (^), as the young organism at this stage of 
its career has been termed by Sir J. G. t)alyell. The mouth, 
in the meantime, from being a mere quadrilateral orifice, 
grows and lengthens itself so as to constitute a true polypite, 
occupying the axis of the inverted umbrella or disc, which 
supports the mar^nal tentacles. The space between the 
walls of the polypite and umbrella is divided into longitudinal 
canals, whose relations to the rest of the organism, and, 
indeed, the whole structure of Hydra-tuba^ closely resemble 
what may be seen in Lucernaria ** (Greene, ‘ Manual of 
Coelenterata *). The Hydra -tuba thus constitutes the fixed 
“ Lucernaroid,** or the “ trophosome ** of one of the Rhizosto- 
midce. In height it is less than half an inch, but it possesses 
the power of forming, by gemmation, large colonies, which may 
remain in this condition for years, the organism itself being 
incapable of producing the essential elements of generation. 
Under certain circumstances, however, reproductive zooids are 
j^oduced by the following singular process (fig. 58). The 
Hydra-tuba becomes elongated, and becomes marked by a 
series of grooves or circular indentations, extending transversely 
across the body, from a little below the tentacles to a little above 
the fixed extremity. At this stage the organism was described 
as new by Sars, under the name Scyphistoma'^ The annula- 
tions or constrictions go on deepening and become lobed at 
their margin, till the Scyphistoma assumes the aspect of a pile 
of saucers, arranged one upon another with their concave 
surfaces upwards. This stage was described by Sars under 
the name of Strobila^' (c). The tentacular fringe which 
originally surrounded the margin of the Hydra-tuba now dis- 
appears, and a new circlet is developed below the annulations, 
at a point a little above the fixed extremity of the Strobila (r). 
“ The disc-like segments above the tentacles gradually fall off, 
and, swimming freely by the contractions of the lobed margin 
which each presents, they have been described by Eschscholtz 
as true MedusidcR under the name of Ephyrm (^).” Each 
Ephyra, however, soon shows its true nature by becoming 
developed in-to a free-swimming reproductive body, usually of 
large size, with umbrella, hooded lithocysts, and tentacles, 
constituting, in fact, a Steganophthalmate Medusa, The re- 
productive zooid now swims freely by the contraction of its 
umbrella, and it eats voraciously and increases largely in size. 
The essential elements of generation are then developed in 
special cavities in the umbrella, and the fertilised ova, when 
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liberated, appear as free-swimming, ciliated planulae,'' which 
fix themselves, become Hydra 4 ub(B^ and commence again the 
cycle of phenomena which we have above described. 

As regards the size of these reproductive zooids as compared 
with the organism by which they are given off, it may be men- 
tioned that the umbrella of Cyanea arctica has been found in 
one specimen to be seven feet in diameter, with tentacles more 
than fifty feet in length, the fixed Lucernaroid from which it 
was produced not being more than half an inch in height. 

As regards the special structure of these gigantic reproduc- 
tive bodies, considerable differences obtain between the Rhizo- 
stoniidce and that section of the Pelagidce in which this method 
of reproduction is employed. In the Pelagidce^ namely, the 
generative zooids possess a general, though chiefly mimetic, 
resemblance both to the genuine Medusidee and to the free- 
swimming medusiform gonophorcs of so many of the Hydrozoa^ 
and they have the following structure. Each (fig. 59) consists 
of a bell shaped, gelatin- 
ous disc, the umbrella,*^ 
from the roof of which is 
suspended a large poly- 
pite, the lips of which are 
extended into lobed pro- 
cesses often of considera- 
ble length, **the folds of 
which serve as temporary 
receptacles for the ova in 
the earlier stages of their 
development.’* The poly- 
pite — manubrium or pro- 
boscis — is hollowed into 
a digestive sac, which 
communicates with a cav- 
ity in the roof of the um- 
brella, from which arises 
a series of radiating ca- 
nals, the so-called “chyl- 
aqueous canals.” These 
canals, which are never 
less than eight in number, 
branch freely and anasto- 
mose as they pass towards 
the periphery of the umbrella, while the entire series is con- 
nected by a circular marginal canal This, in turn, sends 
tubular processes into the marginal tentacles, which are 



Fig. 59. — Hidden-eyed JMcdusa;. Generative 
zoOid of one of the Pelagidtr htysatn-a 
hyoscella\ after Gossc. 
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often of great length. Besides the tentacles, the margin ot 
the umbrella is furnished with a series of peculiar bodies, 
termed ‘‘ lithocysts,” each of which is protected by a sort of 
process or hood derived from the ectoderm, and consists 
essentially of a combined “ vesicle ” and “ pigment-spot,*^ such 
as have been described as occurring separately in the Medu- 
st'dce. These marginal bodies likewise communicate with the 
chylaqtieous canals. The reproductive elements ‘‘ are lodged 
in saccular processes of the lower portion of the central cavity, 
immediately above the bases of the radiating canals, and being 
usually of some bright colour, form a conspicuous cross shining 
through the thickness of the disc ** (Greene). 

By a series of elaborate experiments, Mr G. J. Romanes has 
shown that the contractions of the swimming-bell of the Sea- 
blubbers obey the same laws as the contractions of muscular 
tissue generally, being excitable by the same stimuli, and simi- 
larly affected by chemical reagents. 'I’he removal of the 
margin of the umbrella causes a more or less total paralysis, 
and the same effect is produced by the excision of the mar- 
ginal bodies, showing that these parts are the seat of the energy 
by which the movements are effected. Moreover, the severed 
margin of the swimming-bell continues to contract rhythmically 
for a considerable time after its complete separation from the 
organism itself. We are therefore justified in concluding that 
the margin of the swimming-bell contains what is functionally, 
if not stnicturally, a nervous system, though we have at present 
no direct anatomical evidence to demonstrate this. 

In the Rhizostomid(B the reproductive zooids (figs. 60, 61), 
differ from those we have just described as occuring in the first 
section of the Pelagidce, in not possessing tentacles on the 
margin of the umbrella, and in having the simple central 
polypite replaced by a composite dendriform process, which 
bears numerous polypites, projects far below the umbrella, 
and is thus described by Professor Huxley : “ In the Rhi- 
zost 07 nid(B (figs. 60, 61), a complex, tree - like mass, whose 
branches, the ‘ stomatodendra,* end in, and are covered by, 
minute polypites, interspersed with clavate tentacula, is sus- 
pended from .the middle of the umbrella in a very singular 
way. The main trunks of the dependent polypiferous tree, in 
fact, unite above into a thick, flat, quadrate disc, the ‘ synden- 
drium,* which is suspended by four stout pillars, the ‘ dendro- 
styles,* one springing from each angle, to four corresponding 
points on the under surface of the umbrella, equidistant from 
its centre. Under the middle of the umbrella, therefore, is a 
chamber, whose floor is formed by the quadrate disc, whilst its 
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roof is constituted by the under wall of the central cavity of the 
umbrella, and its sides are open. The reproductive elements 
are developed within radiating folded diverticula of the root 



(after Owen). « Umbrella; “ Stomatodendra,” covered Fig. 61.— Generative zouid of 
with clavate tentacles and minute polypites ; c c Anasto- Khizostoma pulmo^ reduced 
rnosing network of canals. in size. (After Gosse.) 

of this genital cavity.^^ According to other authorities, how- 
ever, the apparent polypites of the “ stomatodendra ” are really 
mouth- like apertures formed by the extraordinarily complex 
manner in which the oral lobes are folded, and there is then in 
reality but one single central polypite, hanging from the under 
surface of the umbrella. 

It appears, finally, that amongst the old Pulmograde Aca- 
lephae, or amongst what would commonly be called J elly-fishes, 
we have the following distinct sets of beings, which resemble 
each other more or less closely in appearance, but differ in 
their true nature: — 

1. Free medusiform gonophores of various Corymda, Cam- 
panularida^ and the Oceanic Hydrozoa, 

2. True Medusidce, entirely resembling the former in anato- 
mical structure, but differing in the fact that their ova do not 
give rise to a fixed zooid, but to free- swimming organisms 
exactly like the parent hydrosoma (TrachynemidcB^ Geryonidcc, 
and ^ginidce). 

3. Hydrozoa^ which are provided with an “ umbrella ” (with 
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all the peculiarities belonging to this structure), but which re- 
produce themselves without the intervention of free generative 
zooids produced by fission (Pelagia), 

4. The free generative zooids of most of the Pelagidce^ with 
an umbrella and a single polypite, the primitive hydrosoma 
being fixed and sexless (Aurelia^ Cyatiea, &c.) 

5. The free generative zooids of the Rhizostomidee^ with an 
umbrella and a complex central tree bearing many polypites 
{Rhizostoma, Cephea, &c.) 

Of these five classes of organisms, Nos. i and 2 constitute 
the Gymnophthalmate Medusa of Professor E. Forbes, whilst 
Nos. 3, 4, and 5 are the Steganophthalmate Medusa of the 
same naturalist. 

Sub -CLASS V. GRAPTOLixiDiE ( = Rhabdophora, Allman). 
— The organisms included at present under this head are all 
extinct, and they are in many respects so dissimilar, and their 
structure is so far from being entirely understood, that it is 
doubtful if any definition can be framed which will include all 
the supposed members of the family. The following definition, 
however, will include all the most typical Graptolites : — 

Hydrosoma compound, occasionally branched, consisting 
of numerous polypites united by a coenosarc ; the latter being 
enclosed in a strong tubular polypary, whilst the former were 
protected by hydrothecae. In the great majority of Graptolites 
the hydrosoma was certainly unattached; but in some aber- 
rant forms — doubtfully belonging to the sub-class — there is 
reason to believe that' the hydrosoma was fixed. The poly- 
pites are never separated from the coenosarc by any partition. 
In many cases the hydrosoma was strengthened by a chitinous 
rod, the ‘‘ solid axis,’' somewhat analogous to the chitinous rod 
recently described by Professor Allman in the singular Poly- 
zoon Rhabdopleura, 

From the above definition it will be seen that the nearest living allies to 
the Graptolites are the Sertularians. In point of fact, if we do not insist 
upon the presence of a ‘‘solid axis” as part of the definition, the Grapto- 
lites differ from the Sertularians in no essential point, save that the hydro- 
soma is always attached in the latter, and was certainly free in the most 
typical examples of the former. Indeed, certain forms at present placed 
among the Graptolites — such as Ptilograptus and Dendrograptns — arc so 
similar to some living Sertularians, that it might be well to remove them 
altogether from the Graptolitidie^ and to regard them as extinct representa- 
tives of the Sertularida, 

As regards the value of the “ solid axis ” as an element in defining Grapto- 
lites, it is doubtful if much stress can be laid upon its presence or absence. 
It is true that it is present in all the most characteristic members of the 
sub-class, but it has not been proved to be present in some forms, which 
in other respects are quite typical members of the group. 
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Taking such a simple Graptolite as G, priodon (fig. 62) as 
the type of the sub-class, the hydrosoma is found to consist of 
the “ solid axis,” the “ common canal,” 


and the “cellules.” The entire poly- 
pary is corneous and flexible, and the 
solid axis is a cylindrical fibrous rod, 
which gives support to the entire organ- 
ism, and is often prolonged beyond one 
or both ends of the hydrosoma. There 
is, however, every reason for believing 
that the so-called solid axis” is truly 
hollow. The common canal is a tube 
which encloses the coenosarc, and gives 
origin to a series of cellules, these 
being little cui)s corresponding to “ hy- 
drothecae,” and enclosing the polypites. 
Not only are the essential details of the 
structure — with the exception of the 
solid axis — strictly comparable with that 
of a Sertularian, but there is good evi- 
dence that the reproductive process, 
in some forms at any rate, was also 
carried on in a manner similar to what 




we have seen m some other Hydroida— p-jg. cr^pMUc, iAu,.- 
namely, by generative buds or gono- ogmptus) priodon Bronn, 

1 1 ° 1 • • ° preserved in relief — lateral 

phores enclosed in gonangia. view, slightly enlarged ; b. 

Dorsal view of a fragment 


No Graptolite y however, has hitherto been 
certainly proved to have been fixed by a “ hy- 
drorhiza,” and it is only in certain aberrant 
forms that there are any traces of a “ hydro - 
caulus.” 

Resides the simple forms of OrajHolites with 
a row of cellules on one side (monoprionidian) 
(fig. 62), there are others with a row of cellules 


of the same species — consi- 
derably enlarged ; C, Front 
view of a fragment of the 
same, shtoving the mouths of 
the cellules — much enlarged ; 
1 ), 'J’ransverse section of the 
same. All from tlie base of 
the Coniston Flags (Orig- 
inal.) 


on each .side (diprionidian) (fig. 63). Many other modifications are known ; 
but there is only another peculiarity which is worthy of notice here. This 
is the occurrence in several genera of a basal corneous disc or cup, which is 
probably the homologue of the “ float ” or “ pneumatophore ” of the Phy- 
M)phoridai. (For distribution of Graptolites see Distribution of Hydrozoa 
in Time. 


As regards their mode of occurrence, Graptolites are usually 
found as glistening, pyritous impressions, with a silvery lustre. 
In some cases, however, they are found in relief. 

Sub CLASS VI. Hydrocorallinac. — This name has recently 
been proposed by Mr Moseley for two groups of marine ani- 
mals which produce a regular skeleton of carbonate of lime, 

K 
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often of large size, and which have been generally referred to 
the Corals (Aciinozoa). One of these groups comprises the 

well-known Millepora (fig. 64), 
which is found contributing so 
largely to the formation of coral- 
reefs in the West Indies and 
Pacific. The calcareous skeleton 
of Millepora is mostly in the form 
of foliaceous or laminar expan- 
sions, stony in texture, with a 
smooth surfiice studded with mi- 
nute apertures of two sizes, the 
larger of these being much the 
fewest (fig. 64, C). The larger 
openings are the mouths of tubes 
(fig. 64, B,/ /), which are divided 
by transverse calcareous parti- 
tions into a, number of compait- 
ments, only the most superficial 
of these being actually tenanted 
by the living animal. The smaller 
tubes are similarly septate or 
‘‘tabulate,” and the general tis- 
sue of the skeleton (fig. 64, C) 
is composed of calcareous tra- 
beculae traversed by a scries of 
ramifying and anastomosing ciu- 
nosarcal canals, which place the 
tubes occupied by the zooids in direct communication. 

From the presence of tran.sverse partitions, or “ tabulie,” in 
its tubes, Millepora was generally placed amongst the so-called 
“Tabulate Corals,” with the typical forms of which it has no 
affinity. Though its skeleton is abundantly obtained in the 
regions where it occurs, the living animal has been rarely ob- 
served. The late Professor Agassiz was the first to examine 
Millepora in its living condition, and he was led to the conclu- 
sion that the genus was unequivocally referable to the Hydro- 
zoa. A similar conclusion has recently been reached by Mr 
Mo.seley, who had the opportunity of examining the living 
animal minutely. According to this observer, the colony (fig. 
65) of Millepora consists of two kinds of zooids. The larger 
zooids, or “ gastrozooids,” inhabit the larger tubes of the skele- 
ton, and possess from four to six knobbed tentacles ; while the 
smaller zooids, or “ dactylozooids,” inhabit the smaller tubes, 
and are either indiscriminately mixed with the gastrozooids, or 
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surround these in definite systems (fig. 65, a and d). The 
dactylozooids have no mouth, and are long and slender, carry- 



Fig. 64. — A, Portion of a mass of MilU'Pora alciconiis^ of the natural size ; B, Portion 
of the same, cut open vertically to show the larger tabulate tubes (//), and the 
spongy ctenosarcal skeleton {c <), enlarged ; C, Small portion of the surface, enlarged 
to show the larger and smaller openings and r') inhabited by the different zooids, 
and the reticulated calcareous tissue of the skeleton ; 1 ), One of the tentacular poly- 
nites, enlarged, showing two whorls of knobljed tentacles. (A, B, and C are after 
Milne-Edwards and Haime ; D is .after Martin Duncan and Major-General Nelson.) 

ing on their sides numerous short clavate tentacles. They per- 
form the functions of prehension for the colony, and supply 
food to the stomach-bearing gastrozooids, by which the work 
of digestion and assimilation is carried on. The nutritive fluid 
elaborated by the latter is distributed throughout the entire 
colony by means of branched ccenosarcal canals, which ramify 
in every direction through the spongy tissue of the skeleton. 
The reproductive process in Milkpora is still unknown. 

Still more remarkable than the Milhpone are the singular 
organisms forming the family of the Stylasteruiic^ which have 
hitherto been regarded as Corals, but which have been shown 
by Mr Moseley to belong to the Ifydrocorallimc, The skeleton 
of the Stylasterid(e (fig. 66) is calcareous, more or less branched, 
forming a dendroid or flabellate expansion, and exhibiting 
upon the surface, or on its sides, small rounded apertures, 
which are usually intersected marginally by radiating partitions 
or “septa,” and thus simulate the “calices” of an ordinary 
sclerodermic coral. In other cases, the skeleton shows a 
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series of large apertures, with more numerous and irregularly 
distributed smaller openings, the latter not being radially ar- 



Fig. 65. -- Knlarj^ed view of a portion of the surface of a living colony of 

nodosa, showing the expanded zoriids of a single system : a Central “ gastrozottid ; " 
b One of the mouthicss “ dactylozoOids." (After Moseley.) 

ranged round the former. In any case, the skeleton is tra- 
versed in all directions by a system of branched and anasto- 
mosing caiials, which are occupied in the living condition by 
prolongations of the coenosarc, which also forms an ectodermal 
covering to the skeleton. The colony is composed of two 
different sets of zooids — the one set gastrozooids provided 
with a mouth and stomach-sac; while the others (“dactylo- 
zooids ”) are elongated and destitute of a mouth, thus coming 
to represent tentacles in form. The gastrozooids occupy, as in 
Millepora, the large tubes of the skeleton, and the dactylo- 
zooids, are lodged in the small tubes. Hence, when the dac- 
tylozooids are; arranged in definite “ cyclo-systems ” round the 
gastrozooids, then each of the large apertures in the skeleton 
comes to be surrounded by a circle of smaller elongated pores, 
which are only separated laterally by thin partitions, and which 
thus give rise to the appearance of a central “calice” sur- 
rounded by radiated ‘‘septa” (fig. 66, B). The gastrozooids 
are not only larger than the dactylozooids, but they have a 
special layer of digestive cells lining the body-cavity, a struc- 




i'lg. 66. --A, Portion of the skeleton of S ty faster saus^uineus, of the natural size; H, 
Small portion of a branch of the same, enlarged, snowing the calices and ampulla:. 
Living in the Australian Sea.s. (After Milne-Edwards and Haiinc.) 


are situated outside the bodies of the ordinary zooids, being in 
the form of fixed sporosacs developed within sac-like cavities 
(‘‘ampullae”) in the skeleton (fig. 66, B), which at certain 
periods communicate with the exterior by minute pores. 


CHAPTER XI. 

DISTRIBUTION OF THE IIYDROZOA, 

1. Distribution of Hydrozoa in Space. — The genera of 
Hydrozoa have a wide distribution, the mode of reproduction 
amongst the fixed forms being such as to insure their extension 
over considerable areas. The various species of Hydra are 
of common occurrence in the fresh waters of various regions 
of the world, Cordylophora, the so^e remaining fresh -water 
genus, has not been found to occur out of the north temperate 
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zone. All the other Hydrozoa^ without a known exception, 
are marine in their habits. The fixed forms — viz., the Cory- 
nida^ Sertularida^ and Campamdarida — are represented more or 
less abundantly in almost all seas, extending from the littoral 
zone to considerable depths. The oceanic Hydrozoa {Calyco- 
phoridce and Physophoridce) are chiefly characteristic of tropical 
seas ; but they are found also in the Mediterranean, and even 
in seas not far from, or even within, the arctic circle. Of the 
/fydrocoral/i/ia, Millepora is found in shallow water in the 
coral-reefs of the West Indies and Pacific Ocean, and the 
Stylasterids are almost cosmopolitan, the species ranging from 
the neighbourhood of the coast-line to great depths in tlip 
ocean. 


II. Distribution of Hydrozoa in Time.— The fine-grained liiho- 
graphic slates of Solenhofen and Eichstadt have yielded impressions of 
AfedtiSiB belonging to the existing families of the ALqtioridic and Trachync- 
muivB ; and the Lucernarida are represented by an ancient form of the 
RhizostomidiC in the same formation. With these exceptions, however, 
there are few fossil remains which would universally be conceded to be 
of a Hydrozoal nature. The Oldhamia of the Cambrian rocks of Ire- 
land has, indeed, been regarded as belonging to the Hydrozoa ; but it is 
believed by Mr Salter to be really a plant. It consists of a main stem with 
numerous secondary branches, springing from the axis in an umbellate 
manner, but exhibiting no traces of hydrothecaj. 

The occurrence of Corynida in a fossil condition, except in a few cases, 
can hardly be said to be free from doubt. Remains possibly referable to 
this order have been, however, recently discovered in the Palceozoic rocks. 
'I'he oldest of these was described by the author some years ago from the 
Lower Silurian rocks of Dumfriesshire under the name of Corynoides. 
More lately a supposed Corynid called PaUrocoryne has been described 
from the Carboniferous rocks of Scotland. Species of Ilydractinia have 
also been described from the Cretaceous, Miocene, and Pliocene deposits. 

The Sertularida and Campamdarida are not certainly known to occur in 
a fossil condition. The fossils called Dendrograptns, Callograptiis^ Ptilo- 
graptus, and Dictyonema, all at present placed amongst the Graptoliles^ 
are, however, not improbably tmly referable to the Seriularida. 

There can be little doubt but that the large and singular family of the 
Graptolitida should really be looked upon as extinct Hydrozoa ^ though 

good authorities still place them 




amongst the Polyzoa. As regards 
■ their distribution two facts are 
chiefly noticeable. In the first 
place, no Graptolite, except the 
doubtful genus Dictyonema, has 
hitherto been found to occur above 


Fig. (iT.--DidymograptHs V/racitts. the Silurian rocks. The Grapto- 

lites may therefore be regarded as 
characteristic fossils of the Silurian period. Secondly, the diprionidian 
Graptolites, or those with a row of cellules on each side {e.g.^ Diplograptus 
and Climacograptus)^ have in Bohemia alone been certainly shown to occur 
above the horizon of the L<nver Silurian rocks. The common genus Didy- 
mograptus (comprising the * 4 win” Graptolites, fig. 67), is still more char- 
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acterislic of the Lower Silurian period. In Didymograptus the polypary 
consists of two lateral symmetrical branches, with cellules on one side 
only, springing from a central point or base, which is usually marked by 
a little spine or “ radicle.’* 

The Hydrocorallina, with the exception of some Cretaceous forms allied 
to Millepora^ are not known to be represented in deposits older than the 
Tertiary. 


CHAPTER XII. 

ACTINOZOA. 

I. Genkral Characters op' the Actinozoa. 2. Char- 
acters OF THE ZOANTHARIA. 3. ZOANTHARIA MaLA- 
CODERMATA. 4. ZOANTHARIA SCLEROBASICA. 5. ZOAN- 
THARIA SCLERODERMATA. 

Class 1 1 . Actinozoa. — The Actinozoa are defined as Coclen- 
ierata raith a differentiated digestive sac opening belo^u into the 
somatic cavity^ but separated from the body walls by an intervene 
ing ^ferivisceral space f which is divided into a series of compart- 
ments by vertical partitions or ‘‘ mesenteries f to the faces of which 
the reproductive organs are attached. 

The Actinozoa (fig. 69), therefore, differ fundamentally from 
the Hydrozoa in this, that whereas in the latter the digestive 
cavity is identical with the somatic cavity, in the former there 
is a distinct digestive sac, which opens, indeed, into the 
somatic cavity, but is, nevertheless, separated from it by an 
intervening perivisceral space. As a result of this, the body of 
a typical Actinozoon (fig. 68) exhibits on transverse section two 
concentric tubes, one formed by the digestive sac, the other by 
the parietes of the body ; whereas the transverse section of a 
Hydrozoon exhibits but a single tube, formed by the walls of 
the combined digestive and somatic cavity. 

Histologically, the tissues of the Actinozoa are essentially the 
same as those of the Hydrozoa., consisting of the two funda- 
mental layers, the “ectoderm’’ and the “endoderm.” In the 
Actinozoa, however, there is a much greater tendency to a 
differentiation of these into specialised structures, and in some 
members of the class muscular fibres are well developed. 
Thus, the Sea-anemones have a well - developed series of 
longitudinal and circular muscular fibres, of which the former 
become radial in the disc and base. Cilia arc often present, 
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especially in the interior of the somatic cavity, where they 
serve to promote a circulation of the digestive fluids contained 
therein. The sole digestive apparatus in the Actinozoa consists 



Fig. 68 — A, Transverse section of a HydrozoSn^ showing the body-cavity in the form 
of a single tube enclosed by the bo<ly- walls. B, Transverse section of an Actinozodn : 
s Digestive sac ; nt One of the primary mesenteries, dividing the body-cavity into 
vertical compartments. Between the six primary mesenteries are seen the secondary 
and tertiary me.senteries, which fall short of the walls of the stomach, a Ectoderm ; 
b Endoderm. 

of a tubular stomach- sac, which communicates freely with the 
outer world by means of the moutli, and opens inferiorly 
directly into the general body-cavity. In most, the ‘‘ peri- 
visceral space ” between the body-walls and the digestive sac 
is subdivided into compartments by a series of vertical lamella?, 
which are called the “mesenteries” (fig. 68, ///). Upon the 
faces of these are borne the reproductive organs in the form 
of band-like ovaria or spermaria. There are no differentiated 
respiratory organs as a rule. Some forms, however, which 
live half buried in sand or mud, have lobed and crimped 
organs attached to or near the tentacles, which have been 
supposed to act as breathing-organs ; whilst structures supposed 
to be gills are developed in some Zoanthids on either side of 
the primary mesenteries. 

Thread-cells, often of very complicated structure, are almost 
universally present, some few forms having been asserted to be 
without them; and some of the Actinozoa are able to sting 
severely. 

A nervous system has not yet been proved to exist in the 
Actinozoa generally, except in the Ctenophora^ and in none are 
there any traces of a vascular system. Some Actinice are said 
to have short optic nerves distributed to the pigment-masses at 
the bases of the tentacles, and these masses are clearly of a 
sensory nature ; whilst the same animals are affirmed to have 
a general nervous system as well. 
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Distinct reproductive organs occur in all the Actinozoaj but 
these are internal, and are never in the form of external pro- 
cesses as in the Hydrozoa. Sexual reproduction occurs in all 



Kig. 6i). — A, Actinia mesenthryaptthcmum^ one of the Sea-anemones (After Johnston); 
H, section of the same, showing the mouth (/?), the stomach (^), and the body- 
cavity (c). 


the members of the class, but in many forms gemmation or 
fission constitutes an equally common mode of increase. 
Some Actinozoa^ therefore, such as the common Sea-anemones, 
are simple organisms ; whilst others, such as the reef-building 
corals, are composite, the act of gemmation or fission giving 
rise to colonies composed of numerous zooids united by a 
coenosarc. In these cases the separate zooids are termed 
“polypes,'* the term “polypite** being restricted to the 
Hydrozoa. In the simple Aciinozoa, however, the term 
“polype "is employed to designate the entire organism. In 
other words, the “actinosoma," or entire body of any Aef/nozood, 
may be composetl of a single “ polype," or of several such, 
produced by a process of continuous gemmation or fission, and 
united by a common connecting structure, or coenosarc. 

Most of the Actinozoa are permanently fixed ; some, like the 
Sea-anemones, possess a small amount of locomotive power ; 
and one order, the Cienophora^ is composed of highly active, 
free -swimming organisms. Some of the Actinozoa are un- 
provided with any hard structure or support, as in the Sea- 
anemones and in all the Ctenophora; but a large number 
secrete a calcareous or horny, or partially calcareous and 
partially horny, framework or skeleton, w'hich is termed the 
“ coral," or “ corallum." 
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I'he Actinozoa are divided into four orders — viz., the Zo- 
anthariay the Alcyonaria^ the Rugosa^ and the Ctenophora; 
but the last is sometimes placed amongst the Hydrozoa^ and 
it has been recently proposed to remove the Rugosa also to 
the same class. 

Order I. Zoantharia. — The Zoantharia^ Hexacora//a, or 
Helianthoid Polypes, are defined the disposition of their 
soft parts in multiples of five or six, typically the latter, and by 
the possession of simple, usually numerous, tentacles. There may 
be no corallum, or rarely a sclerobasic'^ one. Usually there is 
a sclerodermic*' coralluyn, in which the septa in each corallite, 
like the mesenteries, are arranged in multiples of Jive or six. 

The above characters, though distinctive of the Zoantharia 
as an order, are not capable of universal application, since the 
disposition of the mesenteries in sixes cannot be always re- 
cognised, and the tentacles are in rare instances fringed with 
lateral processes pinnate**). 

The Zoantharia are divided into three sub-orders — the Zoan- 
tharia malacodermata, the Z, sclerobasica, and the Z, scleroder- 
mata ; according as the corallum is entirely absent or very 
rudimentary, is “ sclerobasic,** or is “sclerodermic.** 

Sub-order I. Zoantharia Malacodermata. — In this sec- 
tion of the Zoantharia there is either no corallum or a pseudo- 
corallum in the form of adventitious spicules scattered through 
the soft parts. The “ actinosoma *' is usually composed of but 
a single polype. (The term “ actinosoma ** is a very con- 
venient one to express in the Actinozoa what “hydrosoma” 
expresses in the Hydrozoa — namely, the entire organism, 
whether simple or compound.) 

There are three families in this section, of wdiich the 
Actinidee will require a somewhat detailed examination, since 
they may be taken as typical of the entire class of the 
Actinozoa, 

Family I. Actinidee. — The members of this family are 
commonly known as Sea-anemones, and are distinguished by 
having no corallum, or a spurious one, by being rarely com- 
pound, and by having the power of locomotion. 

The body of a Sea-anemone (fig. 70, a) is a truncated cone, 
or a short cylinder, termed the “column,” and is of a soft, 
leathery consistence. The two extremities of the column are 
termed respectively the “ base ** and the “ disc,** the former 
constituting the sucker, whereby the animal attaches itself at 
will, whilst the mouth is situated in the centre of the latter. 
Most Sea-aneniones fix themselves by the base to some foreign 
object— a stone or a living animal — but others {Peachia and 
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Edwardsia) bury tliemselves more or less completely in the 
sand. In a few cases {Cerianthus and Peachia) the centre of 
the base is perforated, but the object of this arrangement is 



Fig. 70. — Morphology of Actinidae. a Actinia rascal i* Arachnactis aibuia. 
(After Gosse.) 


unknown. Some forms, again {Minyas^ Nautactis^ Occanactis^ 
&c.), are oceanic in their habit. Between the mouth and the 
circumference of the disc is a flat space, without appendages 
of any kind, termed the “ peristomial space/’ Round the 
circumference of the disc are placed numerous tentacles, usu- 
ally retractile, arranged in alternating rows, and amounting to 
as many as 200 in number in the common Actinia. The ten- 
tacles are tubular prolongations of the ectoderm and endoderm, 
containing diverticula from the somatic chambers, and often 
having apertures at their free extremities. The mouth leads 
directly into the stomach, which is a wide membranous tube, 
opening by a large aperture into the general body-cavity below, 
and extending about half-way between the mouth and the 
base. The wide space between the stomach and column-wall 
is subdivided into a number of compartments by radiating 
vertical lamellae, termed the “ primary mesenteries,” arising on 
the one hand from the inner surface of the body-wall, and 
attached on the other to the external surface of the stomach. 
In reality the mesenteries are arranged in pairs, the chamber 
between each pair opening above into the cavity of a tentacle. 
As the stomach is considerably shorter than the column, it 
follows that the inner edges of the primary mesenteries below 
the stomach are free ; and these free edges, curving at first 
outwards and then downwards and inwards, are ultimately 


156 MANUAL OF ZOOLOGY. 

attached to the centre of the base. Besides the primary 
mesenteries, there are other lamellae which also arise from the 
body-wall, but which do not reach so far as the outer surface of 
the stomach, and are called “ secondary and “ tertiary ” mes- 
enteries, according to their breadth. The reproductive organs 
(fig. 35) are in the. form of reddish bands, which contain ova 
and spermatozoa, and are situated on the faces of the mesen- 
teries. Most of the Actinice are dioecious — that is to say, the 
same individual does not develop both ova and spermatozoa ; 
but some forms are monoecious. The free edges of the mes- 
enteries below the stomach are thickened, and constitute 
puckered and convoluted cords craspeda which are richly 
furnished with thread-cells. Attached also to the free edges of 
the mesenteries are sometimes found long thread-like filaments 
likewise crowded with thread-cells. These peculiar structures 

acontia ”) appear to be organs of offence and defence, as 
they can, on irritation, be rapidly shot forth from the mouth, 
as well as from certain minute orifices in the body-wall (“ cin- 
clides ”) which appear to be specially intended for their emis- 
sion. As regards their nervous system, nerve-cells and anas- 
tomosing nerve-fibres are stated to be present in the base 
(Martin Duncan), and may exist in other parts of the Sea- 
anemones, whilst the pigment - masses at the bases of the 
tentacles in some forms appear undoubtedly to be rudimentary 
organs of vision. 

The embryo of the Act mice is a free- swimming ciliated body, 
at first rounded, but afterwards somewhat ovate. The rudi- 
mentary mouth is soon marked out by a depression at the 
larger extremity ; thread-cells appear as a layer in the ecto- 
derm ; a fold is prolonged inwards from the mouth to form 
the digestive sac ; and the primitive tentacles are at first two 
in number, but are rapidly increased to six. 

Family II. Ilyanthid^e. — In this family there is no corallum, 
and the polypes are single and free, with a rounded or tapering 
base. Ilya 7 ithus itself (fig. 71, E) is in all essential respects 
identical with the ordinary Actinice, but it is of a pointed or 
conical shape, the base being much attenuated, and it leads a 
free existence. Arac/mactis (fig. 70, b) is also free, and accord- 
ing to Professor E. Forbes, it can not only swim like a jelly- 
fish, but ** it can convert its posterior extremity into a suctorial 
disc, and fix itself to bodies in the manner of an Actinia,*^ It 
is by no means certain, however, that Aracimactis is a mature 
form, and there is some reason to suppose that it is merely the 
young stage of some at present unknown Actinozoon (perhaps 
of Edwardsid), 
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Edwardsia (fig. 71 , A) has a thin imperforate base, and lives 
buried to the lips in mud or sand, the middle of the body be- 
ing protected by an epidermic investment. This curious form 



Fig 7T. — A, Edwardsin callhnorpha ; B, IlyanUtus IditchelUy of the natural si/e. 
(After Gosse ) 


exhibits, as shown by Prof. Allman, many singular peculiarities 
of internal structure, amongst which the fact that the soft parts 
are in multiples of four may be specially noted. The distin- 
guished authority just mentioned regards Ed7vardsia as in 
some respects intermediate between the Zoaitiharia and Alcy- 
onaria, and as related to the extinct Rugosa. Peach i a and 
Cerianthus also lived buried in the sand, both having the base 
])erforated by an orifice, whilst the latter further protects itself 
l)y the secretion of a loose, membranous, non-adherent tube. 

Family III. Zoanthida^:. — The polypes in this family form 
colonies united by a fleshy or coriaceous coenosarc, in the 
shape of a crust or of creeping roots, and they have no power 
of locomotion. The coenosarc may be strengthened by em- 
bedded spicules, adventitious grains of sand, or other foreign 
bodies. Examples of the family are Zoanthus and Palythoa. 

Sub-order II. Zoantharia sclerobasica. — The “ Black 
Corals” or Aatipathidce,, which compose this group, are always 
co?nposit€, consisting of a n uni her of polypes united by a thin 
fleshy coenosarc, which is spread 07^cr and supported by a simple 
or more commonly branched horny axis or sclerobasefl The 
tissues are not furnished until calcareous secretions, and the 
polypes have in general six simple tentacles. 

The corallum or skeleton of the Antipathidie is of a horny 
consistence, its form simple or branched in a more or less 
complicated and plant-like manner, and its surface smooth or 
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covered with minute spines. All Skit Antipathida form colo- 
nies, which are rooted by the base to some foreign object, and 
which consist of numerous minute polypes united by a fleshy 
coenosarc (fig. 72 ). The corallum is secreted by the coenosarc^ 



Fig. 72. — Part of the living .stem of Autipathes angunuiy of the natural si/e. 
(After lJuna.) 


and thus forms an axis or stem which is completely covered 
during life by the soft parts of the colony, just as the trunk of 
a tree is covered by the bark. Owing, further, to the fact that 
the skeleton is produced wholly by the coenosarc, the corallum 
is wholly outside the polypes, which are themselves entirely 
destitute of hard structures. Various other Actinozoa (such as 
the Gorgonida) possess, as we shall see, a similar axial skele- 
ton, secreted by the coenosarc ; and all such coralla are said 
to be “ sclerobasic.” As coralla of this nature are not formed 
by hard structures deposited within the tissues of the polypes, 
the general name of “ foot* secretion has been applied to them 
by Prof. Dana. 

Sub-order III. Zoantharia sclerodermata or Madre- 
PORARiA. — The members of this sub-order include the great 
bulk of coral-producing or “ coralligenous ” zoophytes {Madre- 
poraria) of recent seas. They are defined by the possession of 
a corallit7n which is partially or wholly dn^clopcd with hi the 
tissues of the polypes theuiselves sclefvdermic^^)^ which does uot 
consist simply of scattered spicules^ and in which the parts are 
7'ery generally disposed hi multiples of six. The act i no soma may 
be simple^ consisting of a single polype only^ or composite^ consist- 
ing of many polypes united by a coenosarc. 

As regards the anatomy of their soft parts, the simple Zoan- 
tharia sclerodermata may be regarded as essentially Sea-anem- 
ones, whilst the compound forms are simply colonies of Actin- 
oid polypes united by a common flesh or coenosarc. It -is, 
therefore, only necessary to consider the nature of the skeleton 
or corallum of these forms, since the leading peculiarities of 
the sub' order are to be found in this. 

If we examine first a simple coral of this group, we find that 
we have to deal with an animal in all important respects iden- 
tical with an ordinary Sea-anemone, but having a more or less 
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complicated skeleton developed in its interior. The animal 
possesses a base, a column, and a disc — the latter surrounded 
by tentacles, and perforated centrally by the mouth. The 



^ ig- 7h — Sclerodermic and scleroba'^ic Corals. A. IJranch of Detidropliyliia nigres- 
ecus, a sclerodermic coral, showing the cups or thee* {a a) secreted by the separate 
polypes, and united by the coenenchyma (c r). L?, Portion of a sclerobasic coral 

'■6p>'csented diagrammatically : ^The solid and branched sclerobase ; ^ 
A portion of the soft cocnosarc with its embedded polypes, investing the sclerobasic 
axis. 


mouth opens into a stomach-sac, connected with the body- 
walls by mesenteries ; and the tentaculate disc and dependent 
gastric sac remain permanently soft and capable of contraction 
arid expansion. Below the stomach, the soft tissues of the 
polype are strengthened and supported by a more or less per- 
fect calcareous skeleton or corallum (fig. 74). This is com- 
posed of calcareous matter (“ sclerenchyma ’’) deposited by 
and in the tissues themselves, between the endoderm and 
ectoderm, and the corallum is thus within the polype^ and is 
technically said to be ‘‘ sclerodermic.^* The “ sclerodermic ’* 
corallum is therefore a true “ tissue-secretion,** and thus differs 
conspicuously from the sclerobasis ” of the Antipathidee and 
Gorgonidcey which is secreted by the coenosarc, and is not formed 
by a calcification of the soft parts of the polypes themselves. 
The general distinction, arising from their mode of formation, 
between sdcrobasic *’ and “ sclerodermic ’* corals, is not, per- 
haps, of essential importance, and the boundary-line between 
the two is not very clearly marked ; but it is of considerable 
practical value. It is, moreover, a distinction which is readily 
recognised, as a rule, by a simple inspection of the corallum 
itself. A sclerobasic corallum, namely, being secreted solely 
by the coenosarc, never exhibits any parts which correspond 
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with the separate polypes of the colony. On the other hand, 
the sclerodermic corallum (when not composed simply of 
scattered spicules) either consists of a single cup-like structure 
corresponding with a single polype (fig. 74), or of several such 
(fig. 73, A) united by a common skeleton. 

A typical simple sclerodermic corallum (fig. 74) is secreted 



r 74- Cnryophyllia borealis, A .simple .sclerodermic C'oral, twice the natural 
size. (After Sir Wyville Thomson.) 


by a single polype, and its structure presents an obvious cor- 
respondence with that of the animal which produces it. It is 
generally more or less conical in shape, sometimes discoid, 
consisting of an outer wall and included space. The wall is 
secreted by the mesoderm of the column and base, and is 
known as the “theca,” It may be very imperfect, or may be 
strengthened by a secondary calcareous investment (“epitheca.”) 
The theca encloses a space which corresponds with the lower 
part of the body-cavity of the polype, and is known as the 
“ visceral chamber.” Superiorly the theca terminates in a 
shallower or deeper cup -shaped depression, which contains 
the stomach-sac of the polype, and is known as the “calice.” 
Below the calice, the visceral chamber is subdivided into a 
number of vertical compartments (“ loculi ”) by a series of 
upright partitions or “.septa,” which spring from the inner 
surface of the theca, and are directed inwards towards the 
centre. The sei)ta are calcifications formed within the me- 
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senteries, to which, therefore, they correspond in number and 
size. Like the mesenteries, the septa are thus “primary,’* 
“secondary,” and “tertiary,” according to their width (fig. 75). 



75- — Diagram of the arrangement of the septa in the Zoantkaria scleroiermata 
and Kugasa. A, Transverse section of a simple sclerodermic Coral {^'nrhmolia), 
showing the theca, with its projecting ridges or “costai” outside, the visceral cham- 
ber and radiating septa inside, and the columella in the centre. B, Transverse sec- 
tion of a simple Rugose Coral {CyathophyUum\ showing the wall, costae, and septa. 

The septa in the adult sclerodermic corallum are typically some 
multiple of six in number, arranged in six systems; but this 
rule is not of universal application, and the typical hexameral 
arrangement may be departed from altogether. The laws of 
development of the septa are complicated, and need not be 
discussed here. On the outside of the theca are vertical ridges 
(“costae”), corresponding with the septa within; and the 
centre of the visceral chamber may be vacant, or may be 
occupied by an axial rod-like structure, which is termed the 
“ columella.** The continuity of the “ interseptal loculi ” is 
liable to be more or less interfered with by the development 
of the structures known as “ synapticu/ccy' “ dissepiments,** and 
“tabulae.** The “ synapticulai ** are transverse calcareous bars 
which stretch across the interseptal loculi, and form a kind of 
trellis-work, uniting the opposite faces of adjacent septa. They 
are characteristic of the Fungidcc, The “dissepiments** are 
cornmonly present in a great many corals, and have the form 
of incomplete, approximately horizontal plates, which stretch 
between adjacent septa, and break up the interseptal loculi 
into secondary compartments or cells. Lastly, the “ tabulas ** 
may be regarded as highly developed dissepiments, and, like 
them, are approximately horizontal, as a rule, at any rate. 
1 hey differ from the dissepiments in the fact that they cut 
across the interseptal loculi at the same level. When fully 
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developed (fig. 76, D), they are transverse plates, which extend 
completely across the visceral chamber, and divide it into a 
series of storeys placed one above the other, the only living 



Fig. 76. — A, Portion of the corallum of Pocillopora aspcra, var. /nfa^ Vcrrill. of tin: 
natural size. B, Part of the surface of same, enlarged. C, Section of the coralHtcs of 
the same, showing the columella, enlarged. D, Vertical section of the same, en- 
larged, showing tabulae. (After Dana.) 

portion of the coral being above the last - formed tabula. 
Tabulae are found in various of the Zoantharia sclerodermata , 
in some of the Alcyonariay and in a great many of the J^ugosa, 
The above gives the general structure of a typical simple 
sclerodermic corallum, as secreted by a single polype. A 
compound sclerodermic corallum is the aggregate skeleton pro- 
duced by a colony of such polypes, and varies in form and 
size according to the characters of the colony by which it is 
produced. In general, such a colony consists (fig. 77) of a 
number of polypes, which may spring directly from one an- 
other, or may be united by a common flesh or cocnosarc ; and 
corresponding elements are found in the corallum. In the 
former instance, the compound corallum consists of an assem- 
blage of separate ‘‘ corallites,” as the skeletons of the individual 
polypes are called, these being united with one another directly 
and in various ways. In the latter instance, the corallum con- 
sists of a number of “ corallites,” and of a common calcareous 
basis or tissue, which unites the various corallites into a whole, 
is secreted by the coenosarc, and is known as the ‘*coenen- 
chyma.” 

The compound coralla are, of course, primitively simple, and they be- 
come composite either by budding or by cle.avage of the original polype. 
The following are the principal methods in which this increa.se is effected; 
and in con.sidering this .subject briefly, it will be as well to take into account 
not only the Zoantharia sclerodermata, but also the Kugosay the modes of 
increase in the two groups being very similar: (i.) Lateral or parietal 
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s^emmaiion . — In this mode of increase the original polype throws out buds 
from some point on its sides between the base and the circle of tentacles, 
and these buds on becoming perfect corallites may repeat the process. 
This is one of the commonest modes of growth amongst the recent corals, 
and it gives rise chiefly to dendroid or tree-like corals. 



I'is- n>’—Astr<ra pallida^ a compound sclerodermic Coral, in its living condition. 
(After Dana.) 


(2.) Basal gemmation , this method the original polype gives forth 
from its base a rudimentary coenosarc, from which new buds are thrown up, 
and which may have the form of foot-like prolongations or of a continuous 
horizontal expansion. The resulting 
coralla are usually massive or encrust- 
ing, and the youngest corallites are, of 
course, those placed on the periphery 
of the colony. 

(3.) Caliciilar gemmation , — This con- 
sists in the production of buds from the 
calicine disc of the parent corallite, 
which may or may not continue to grow 
thereafter, whilst the new corallites thus 
produced generally repeat the process. 

'rhis mode of growth is exceedingly rare 
amongst the Zoantkaria sclcrodermata^ 
and is never typically exhibited ; but it 
is a characteristic feature in many of the 
Rugose corals. In many of these (fig. 

78), the original polype throws up from 
its calicine disc one or more new coral- 
lites, which kill the parent. These, in 
turn, produce others after a similar fa- 
the entire corallum assumes 
the form of an inverted pyramidal mass 
resting upon the original budding polype. In other Rugose corals the 
calicine disc gives off but a single bud, which may repeat the process in- 
definitely till the corallum presents the appearance of a succession of in- 
verted cones placed one above the other. 



Fig. 78.— Calicular gemmation as seen 
in Lonsdaleia Jlorifomtis. Car- 
boniferous. 
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(4.) Fission. — This process in the coralligenous Actinozoa is usually 
effected by “ oral cleavage,” the divisional groove commencing at the oral 
disc, and deepening to a greater or less extent, the proximal extremity 
always remaining undivided. According to Dana, in fission a new mouth 
is formed in the disc near the old mouth, and a new stomach is formed for 
the new mouth, round which the new tentacles are then developed. This, 
therefore, is not, strictly speaking, a subdivision into halves ; since one 
half carries off the old mouth and stomach. More rarely, fission “ is 
effected by the separation of small portions from the attached base of the 
primitive organism, whose form and structure they subsequently, by grad- 
ual development, tend to assume.” 

“The coral-structures which result from a repetition of the fissiparous 
process are of two principal kinds, according as they tend most to increase 
in a vetiical or in a horizontal direction. In the first of these cases the 
corallum is c(Cspiiose^ or tufted, convex on its distal aspect, and resolvable 
into a succession of short diverging pairs of branches, each resulting from 
the division of a single corallite.” In the second case the coral becomes 
lamellar. “Here the secondary corallitcs are united throughout their 
whole height, and disposed in a linear series, the entire mass presenting 
one continuous theca.” Both these forms of corallum are “liable to be- 
come massive by the union of several rows or tufts of corallites throughout 
the whole or a portion of their height. An illustration of this is afforded 
by the large gyrate corallum of Meandrina^ over the surface of whose 
spheroidal mass the calicine region of the combined corallites winds in so 
complex a manner as at once to sugge.st that resemblance to the convolu- 
tions of the brain which its popular name of Brain-stone Coral has been 
devised to indicate ” (Greene). 

The Zoantharia sderodennata are divided into the two follow- 
ing groups, founded upon the characters of the corallum : — 

1. Aporosa. — The calcareous tissue of the corallum is* more or less 
compact and imperforate ; the septa usually constituting complete solid 
plates, and the theca being as a rule not pierced by any apertures. Dissej)i- 
inents or synapticulse are usually present, but tabulce are rarely developed. 
This section includes the most highly developed of existing corals [Tar- 
binolid(Ct Oculinida^ AstrteidLV, FungidiVy &c.) 

2 . Perforata. — The calcareous tissue of the corallum is more or less 
porous, loosely aggregated, spongy, or reticulate, the walls in all being 
perforated with more or fewer apertures. The septa are generally well 
fleveloped, but they are also perforated by apertures, and may be simply 
trabecular. Imperfect dissepiments may be present, and in some cases 
there are well-developed tabula* ; but the visceral chamber is usually more 
or less completely open from top to bottom. The three families comprised 
in this section are the Eupsammidtry the Madreporidic^ and the Poritidd\ 
to which must be added the great and almost extinct family of the 
Favositidee. 

In addition to the above-mentioned groups of the Zoa^itharia sderoder- 
mala two other groups have been established under the names of the 
Tabulata and Tubulosa. The former of these included the so-called 
“Tabulate Corals,” distinguished by the imperfect development of the 
septa, and the fact that the visceral chamber is divided into compartments 
by horizontal plates or “tabulae” (fig. 76, D). Some of the so-called 
“Tabulate Corals,” however, .such Millepora^ have been shown to be 
Ilydrozoa ; others, such as Pocillopora (fig. 76) belong to the Aporosc 
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division of the Zoantharia sderodemtata ; others, again, such as Favosites 
and its allies (fig. 79), belong to the Perforate division of the Z. scleroder- 
fnaitty and are very nearly related to the Poritida ; others are referable to 



i'jg- 79 — Portion of tlio corallum of Favosites favosa^ of the natural size. B, Portion 
of four corallites of Favosites Gothlandica^ enlarged, showing the tabulae and the 
“ mural pores ” or openings in the walls of the corallites. 

the Alcyonaria; while others, lastly, are of uncertain affinities. It is clears 
therefore, that the section Talmlata can no longer be retained as a divisiofi 
of the Zoantharia sderodennata, or as a division of the Corals of kny 
zoological value. The section Tubitlosa (including only the Palaeozoic 
genera Aulopora and Cladochonus or Pyrgid) is also of no zooIOmcal value, 
in the present state of our knowledge. The forms included in it are 
simple or compound, with trumpet -shaped thecre, rudimentary septa, 
and few or imperfect tabulae ; and they are probably referable to the 
AUyonaria. 


CHAPTER XIII. 

ALCYONARIA. 

Order II. Alcyonaria. — The second great division of liv- 
ing Actinozoa is that of the Alcyonaria^ defined by the pos- 
session of polypes with eight pinnately - fringed tentacles , the 
mesenteries and somatic chambers being also a multiple of four 
{eight). The corallum^ when present^ is usually sclerobasic, or 
spicular ; if ^^thecce^^ are present^ as is rarely the case, septa are 
.wanting or rudimentary. 

The Alcyonaria or ‘‘Asteroid Polypes” differ numerically 
from the Zoantharia in having their soft parts arranged in 
multiples of four, instead of five or six, as in the latter, whilst 
the septa are not in pairs. Their tentacles, too, are pinnate, 



i66 


MANUAL OF ZOOLOGY. 


and are not simply rounded. Numerically, the Alcyonaria 
agree with the extinct order Rugosa ; but the latter invariably 
possess a well- developed sclerodermic corallum, the thecae of 
which exhibit either septa or tabulae, or both combined. 

With the exception of two genera {Haimeia and Hartea), 
both of which are possibly founded upon immature forms, the 
Alcyonaria are all composite, the tubular polypes being united 
by a coenosarc, and their body-cavities being placed in com- 
munication by means of anastomosing canals, which ramify in 
the coenosarc, and permit of a free circulation of nutrient fluids. 
The form of the colony differs greatly in different cases, but 
none possess the power of independent locomotion, most being 
rooted to foreign objects, or sunk in the mud, whilst some float 
freely in the sea. The polypes, in most of the essential points 
of their organisation, agree with those of the Zoantharia, the 
mouth opening into a tubular stomach, which in turn com- 
municates freely with the body-cavity, and the stomach-sac 
being connected with the body-wall by means of a series of 
vertical membranous laminae or “ mesenteries.^* The mesen- 
teries, however, are only eight in number, and are not paired, 
one of the tentacles corresponding with and opening into each 
intermesenteric chamber. A corallum may be wanting, and 
when present its structure varies. In some cases, lastly, it has 
been shown that the actinosoma normally consists of two kinds 
of polypes — one sexual, the other sexless and permanently 
rudimentary. The Alcyonaria are divided into five families — 
viz., the Alcyonid(S, the Tiibiporidcc^ the Pennatididce^ the Gor- 
gonidee, and the Helioporidce, 

Family I. ALCYONiDiE. — This family is characterised by 
the possession of a fixed actinosoma^ ivhich is provided luith a 
sclerodermic corallum in the form of calcareous spicula embedded 
in the tissues. The spicules are mostly fusiform in shape, and 
are generally present both in the polypes themselves and in 
the connecting coenosarc ; but there is no central solid axis. 

Alcyonium may be taken as the type of the family, and it 
is well known to fishermen under the name of ‘‘ Dead-men’s 
fingers.” It forms spongy-looking, orange-coloured crusts or 
lobate masses, which are attached to submarine objects, and 
are covered with little stellate apertures, through which the 
delicate polypes can be protruded and retracted at will. The 
polypes communicate with one another by an anastomosing 
system of aquiferous tubes, and the corallum is in the form 
of cruciform, calcareous spicula scattered through its sub- 
stance. In the allied Sarcodictyon the actinosoma is creeping 
and linear. 
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In Xenia the colony is branched, and the polypes are non- 
retractile ; and in Anthdia and Sympodium the actinosoma 
has the form of a membranous crust attached to foreign 
bodies. Lastly, in Sarcophyton (as shown by Moseley) the 
colony consists of reproductive zooids, which have generative 
organs and tentacles, and of sexless zooids, which have neither 
of these organs, but possess a mouth and stomach-sac. 

Family II. TuBiPORiDyi^. — In the Tubiporidee^ or “ organ- 
pipe corals,'* of which T. musica (fig. 80) is a familiar example, 



Fig. 80. —A, Portion of the corallum of Tubipora musica^ of the natural size, showing 
the tubular corallites and their connecting floors. U, Polype of the same, greatly en- 
larged, .showiitg the mouth and tentacles. 

there is a wdl-developed sdcrodermic corallu 7 n, udth thccce^ but 
luithout septa The corallum is composed of a number of 
bright-red, tubular, cylindrical theem, which are united toge- 
ther externally by horizontal plates or floors, which appear to 
be formed by periodical extensions from the mouths of the 
tubes. The polypes are usually bright green in colour, and 
possess eight tentacles each. 

As shown by' Prof. Perceval Wright, the tubes of Tubipota 
are in reality composed of fused spicules ; and the polypes 
when alarmed retract themselves within their tubes, the upper 
portions of which are composed of loose fusiform spicules, and 
are thus capable of withdrawal into the lower dense portion of 
the thecie. 

P^AMiLY III. Pennatulid/E. — The Fennattdidce^ or “Sea- 
pens/’ are defined by their pee habit, and by the possession 
of a sdcrobasic, rol-likc coral lutn^ sotfietitfies associated untk sclero- 
dermic spicules. 

Pefinatula^ or the “ Cock’s eomb,” consists of a free coeno- 
sarc, the upper did of which is fringed on both sides with 
feather-like lateral pinnae, which bear the polypes ; whilst its 
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proximal end is smooth and fleshy, and is probably sunk in 
the mud of the sea-bottom. This latter portion of the coeno- 
sarc is likewise strengthened by a long, slender, styliform 
sclerobasis, resembling a rod in shape, whilst spicula occur 
also in the tentacles and ectoderm. The general colour of 
Pennatula is a deep reddish purple, the proximal extremity 
of the ccenosarc being orange-yellow. The common British 
species {Fennatuia phosphorca) varies from two to four inches 
in length, and is found on muddy bottoms in tolerably deep 
water. Its specific name is derived from the fact that it phos- 
phoresces brilliantly when irritated. 

In Virgularia (fig. 82), which, like Pennatula^ occurs not 
uncommonly in British seas, the actinosoma is much longer 
and more slender than in the preceding, and the polype-bear- 
ing fringes are short. The polypes have eight tentacles. The 
sclerobasis is in the form of a long calcareous rod, like a knit- 



Fig. 81,— Colony of Veretillum cyno- 
morium, of the natural size, with the 
polypes protnide<i. 



t 



0 


Fig. 83 — Pennatulid.x'. 
Vi r^ilnria mi rah i Us, 
a A portion of the stem 
in tit living condition, 
enhrged ; b Portion of 
the,' stem in its dead 
cor^itioii. 


ting-needle, and part of it is usually naked.; No spicula are 
found in the tissues of Virgularia, In the nearly-allied Pavon- 
aria the polype-mass is quadrangular in shap^. 

In Veretillum (fig. 81), the upper portioi]| of the colony is 
short and club-shaped, and carries the polrpes all round its 
circumference, and the same is the case p Cophobekmnon ; 
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whilst in Renilla the polypes are unilateral, and the polyp- 
iferous cocnosarc is thin and reniform. 

In many of the Pennatulidm, as originally shown by Kolliker, 
the actinosoma consists of two classes of zooids — the one com- 
posed of sexually mature polypes, the other, more numerous, 
of sexless polypes — which have a body-cavity and stomach, 
but have neither mouth nor tentacles. These sexless zooids 
may be distributed promiscuously over the whole actinosoma 
( Veretillum^ &c.), or they may be restricted to definite regions 
{Pcnnatula^ Virgidarid). Whilst many of the Pennatulidcp. 
seem to live habitually sunk partially in the mud of the sea- 
bottom, others are found freely floating in the water, and their 
mode of life is not completely understood. 

Family IV. Gorgonid^.. — In the Go?'gofiid(B^ or “Sea- 
shrubs,” there is an arborescent cocnosarc permanently rooted and 
provided with a grooved^ or sulcate^ branched sclerobas is y associated 
with true tissne-secrefio7iSy termed dertnosekrites. 

The sclerobasis of the Gorgon idee varies a good deal in its 
composition. In some it is corneous, and these have often 
been confounded with the AntipathidcBy amongst the Zoan~ 
tharia. The distinction, however, between them is easy, when 
it is remembered that the polypes in the Gorgonidee have 
tentacles in multiples of four, whilst in the Antipathidee they 
are in sixes. The sclerobasis, too, in the former is always 
marked by grooves, whereas in the latter it is always either 
smooth or spinulous. In Isis and Mopsca the sclerobasis con- 
sists of alternate calcareous and horny segments, branches 
l^eing developed in the former from the calcareous, and in the 
latter from the horny segments. 

In Co7-allium riibnmy the “ red coral ” of commerce (fig. 
83), the sclerobasis is unarticulate, or unjointed, and is entirely 
calcareous. It is the most familiar member of the family, and 
is largely imported for ornamental purposes. Red coral con- 
sists of a branched, densely calcareous sclerobasis, which is 
finely grooved upon its surface, is of a bright-red colour, and is 
in reality composed of fused spicules. The corallum is in- 
vested by a ccenosarc, also of a red colour, which is studded 
by the apertures for the polypes, which are white, and possess 
eight pinnately-fringed tentacles. The entire coenosarc is 
channelled out by a number of anastomosing canals, which 
communicate with the somatic cavities of the polypes, and are 
said to be in direct communication with the external medium 
by means of numerous perforations in their walls. The entire 
canal system is filled with a nutrient fluid, containing cor- 
puscles, and known as the “milk.'^ 
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In the typical Gorgonia the sclerobasis is horny, and more 
or less arborescent, and the same is the case in the “Fan 
Corals ” {Rhipidogorgia), in which the corallum has the form 



Fig. 83. — Red Coral {Corallium ntbrutn) of the natural size, and a portion enlarged. 

of a regularly reticulate fan-shaped expansion. The soft tissues 
of the Gorgonidee are abundantly supplied with sclerodermic 
secretions in the form of calcareous spicules of very various 
shapes, and often of very brilliant colours, which are in many 
instances of such characteristic figures that they can be em- 
ployed as a ground of generic distinction. These spicules 
sclerites ”) are very generally buried in the soft tissues, but 
they may project beyond the surface of the coenosarc in such 
numbers as to render the integument rough and prickly. 

Family V. HelioporidyE. — The Alcyonarians of this group 
possess a well- developed sclerodermic corallum^ composed of tabu- 
late tubes of two sizeSy the larger ones being furnished with 7 'udi- 
mentary septal latnince. 

The id,m\\y Helioporidce has been recently founded by Mr Mose- 
ley for the reception of the living Heliopora aerulea (fig. 84), and 
of a number of extinct corals previously placed in the Tabu- 
late” section of the Zoantharia sclerodermata. In Heliopora 
the corallum is composite and sclerodermic, and composed 
of corallites united by what has usually been regarded as a 
‘‘ ccenenchyma.” The corallites are tubular, crossed by well- 
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developed tabulae, and having their walls folded in such a 
manner as to give rise to a variable number (generally twelve) 
of septal laminae. The coenenchyma, so called, is composed 



Fig. 84.— A, Colony of Hcliopora arrjiiea, of the natural size. D, Portion of the surface 
of the same, enlarged, showing the apertuies of the larger and smaller zodids. C, 
Vertical section of a few of the tubes of the same, enlarged, showing the tabulae. 
(After Dana.) 

of slender tubes, of smaller size than the true corallites, packed 
closely side by side, crossed, like the corallites, by regular 
transverse tabulae, but destitute of septa. The soft parts 
occupy only the parts of the corallum above the uppermost 
tabulic, and therefore only a surface-layer of the colony is 
actually alive. The polypes are completely retractile, with 
eight pinnately-fringed tentacles, and eight mesenteries. The 
mesenteries, however, have no correspondence with the septa, 
which are twelve in number as a rule. The septa are thus 
seen to be pseudo-septa, and they cannot be regarded as being 
homologous with the septa of the Zoantharia sclavdermata. 
The so-called coenenchymal tubes are occupied by sacs lined 
by the endoderm, which are closed externally, but communicate 
freely with the body-cavities of the polypes by means of trans- 
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verse canals ; and Mr Moseley suggests, with great probability, 
that these are really of the nature of rudimentary sexless 
polypes. 

Now that the fact is established that the living Heliopora is 
a true Alcyonarian, it is necessary to remove to this order a 
number of well-known fossil corals, principally Palaeozoic, of 
which Heliolites may be taken as the type, and which were for- 
merly regarded as belonging to the “ Tabulate ” section of the 
Zoantharia sclerodermata. In Heliolites (fig. 85), there is a 
well - developed sclerodermic corallum, with comparatively 


a h 



Fig. 85. — A, Small colony of Heliolites mef^nsiomn^ of the natural sire. H, Small 
portion of the surface of the same, magnified, showing the calices (a) and the mouths 
of the cfcnenchymal tubes {d). C, Vertical section of the same, enlarged, showing 
the tabulate cor^lites («), and the tabulate tubes of the coenenchyma {d). (Original.) 


large-sized, tubular, regularly tabulate corallites, usually pos- 
sessing distinct but rudimentary septa, intermingled with a 
copious cocnenchyma formed of tabulate geometric tubuli, 
much smaller than the corallites, and destitute of septa. With 
Heliolites must be placed the equally extinct Plasmopora^ 
Propora^ Polytremacis^ &c. 
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CHAPTER XIV. 

RUGOSA. 

The members of this order agree with the Zoantharia sclcro- 
dermata in possessing a wellHiro eloped sclerodermic corallum^ 
with a true thecay but generally possessing both tabulw and septa 
combined. The septa^ Imuevery are generally (though appare7itly 
not always) some 7nultiple of four y and there is commo7ily a smgle 
prcdoi7iina7it septiun (so77ieti77ies three such), or a vaca7it space 
(fossula) rep7'ese7iti7ig such a septinn. Some of the Rugosa are 
simple, others arc compound ; but the latter are destitute of a 
true cccnenchyma. The mode of increase in the compound 
forms is principally by calicular gemmation, or by lateral 
budding. 

There are only two living genera of corals (viz., the Gtdynia 
of the Mediterranean and the Haplophyllia of Florida) which 
agree with the Rugosa in the tetrameral arrangement of the 
septa ; and it is doubtful whether we are justified in asserting 
positively on this ground alone that these genera really are 
Rugose corals. We have, therefore, simply to consider very 
briefly the corallu7n of the Rugose corals, which alone has 
been preserved to us in a fossil condition. In its most essen- 
tial respects, the corallum of the Rugosa is quite identical with 
that of the typical Zoa7iiharia sclc7vder77iata. In both alike 
the corallum may be simple or compound ; in both alike the 
simple form of corallum (fig. 86) consists of an outer wall or 
“ theca,” enclosing a central space or “ visceral chamber,” 
which is divided into compartments by a series of radiating 
lamellae or “septa;” in both alike the structures known as 
“ dissepiments,” “ tabulte,” and “ columella,” may be de- 
veloped ; and in both alike the compound corallum may be 
regarded as a variously-formed aggregate of “ corallitcs,” simi- 
lar ijx their fundamental structure to the simple corallum. 

On the other hand, the corallum of the Rugosa exhibits the 
following more striking points of difference as compared with 
that of the Zoantharia sclerode7‘77tata : (i.) The septa appear 
to be primitively developed in four systems, instead of six or 
five. Sometimes the adult corallum (as in Stauria) exhibits 
the four primitive septa in a pre-eminently developed condi- 
tion, but this is not commonly the case. ( 2 .) The septa are 
rendered more or less irregular in their arrangement by the 
presence of a curious vacant space (sometimes three or four). 
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which is known as the “fossula” (fig. 86, B, /), and which 
appears to take the place of one of the primitive four septa. 
(3.) When the septa are well developed, they generally present 



Fig. 86.-- Morphology of the Ru^osa. A, Fragment of Zaphreniis giganteay showing 
the septa (r) with the sparse dissepiments crossing the intcrseptal loculi, the epitheca 
{e)y and the thin proper wall B, Transverse section of Zaphrentis Gurrangeri, 
showing the septa and dissepiments, the central area occupied solely by the tabulai, 
and the “fossula” {/). C, Longitudinal section of the last, showing the arrangement 
of the tabulae. (A is after Edwards and Haime ; B and C are after James I'homson.) 


themselves in the adult as of two sizes only, a larger and a 
smaller (fig. 75, B). (4.) Tabula are usually present, in con- 

junction with the septa. (5.) The compound coralla possess 
no true coenenchyma, and one of their commonest modes of 
increase is by means of “ calicular gemmation.” 

Recently it has been shown that some very abnormal Rugo.se corals were 
provided with a lid or operculum, closing the mouth of the cal ice. In the 
genus Calceola (fig. 88), formerly referred to the Brachiopoda^ and very 
abundant in certain parts of the Devonian system, the operculum consisted 
of a single valve or piece. In Goniophylhim four valves were present, and 
in Cysiiphyllum prismaticum there were four or more valves in the oper- 
culum. It is worthy of notice that .some recent corals (species of Primnoa^ 
Paramuricea, and others) exhibit also a more or less complete operculum. 
The calices of Cryptohelia pudica (one of the Hydroid group of the Stylaster- 
idle) are also protected by a calcareous lamina in front of each. 

According to Professor Agassiz, the Rugosa ought not to be 
considered as belonging to the Actinozoa^ but should be placed 
amongst the Hydrozoa, This radical change cannot, however, 
be accepted unless upon the production of much more evi- 
dence than has yet been brought. forward in its favour. One 
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strong argument against this view is to be found in the fact 
that the typical Rugose corals possess well-developed septa — 
structures which, if they do not absolutely imply the existence 



Fig. 87. - Strombodes pentugonus. 
A Silurian Rugose Coral. 



Fig. %%—Calceoln sandnlitia. 
An opcrculate Rugose Coral. 
Devonian. 


of mesenteries^ are, at any rate, unknown in any living Hydro- 
zodn. At present it is not possible to speak definitely as to tlie 
systematic position of the Rugosa^ but they appear to form a 
natural and distinct group, intermediate in many respects be> 
tween the Zoantharia and the Atcyonaria, 

Tlic A\i;’osa are divided into the following families : — 

1. StauriDv® ; Septa well developed, extending from the bottom to the 

top of the visceral chamber, and showing a conspicuous quaternary 
arrangement. Dissepiments are present, and there is a central 
tabulate area. Genera— Fo/yavlia, Metriophyllum^ llolo- 
cystis^ Conosmilia. 

2. CvATiiAXONiDAi: : Corallum simple, with a deep calice ; septa well 

developed, the four jjrimary septa not predominantly developed ; no 
dissepiments or tabulae. Genera — CyathaxonWy Guynia^ Hqplo- 
phyllia. 

3. CYATiK^PHYLLin/E : Corallum .simple or compound ; septa well de- 

veloped, but not so completely so as in the two preceding groups ; 
the four primitive septa not pre-eminently developed ; tabula; always, 
and dissepiments generally, present. Genera— Zr7///m/rfr, Amplcx- 
us, Cyathophyllum, HeliophyUum^ Omphyma, Lithostrotion, Lons- 
(ialeia, Clisiophylltim^ &c. 

4. CYSTiPHYLLiDAi:: Corallum simple or rarely compound; wall com- 

plete ; septa rudimentary ; visceral chamber with small convex 
vesicles formed by a combination of tabulce and dissepiments; 
sometimes an operculum. Genera — Cystiphylliim^ Goniophyllum, 
Khizophyllum, Calccola, 
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CHAPTER XV. 

CTENOPHORA, 

Order IV. Ctenophora. — The Ctenophora comprise '‘Gratis- 
parent^ oceanic^ gelathious Ac/i/iozoa, swimming by means of 
‘ ctenophores^ or parallel rows of cilia disposed m comb-like plates. 
No coralliim ” (Greene). 

The members of this order are all free-swimming organisms, 
and they are placed by many amongst the Hydrozoa, from 
which, however, they appear to be clearly separated by the 
possession of a differentiated digestive sac, as well as by their 
analogies with the Actinozoa, and their generally superior 
degree of organisation. 

Plenrobrachia {Cydippe) may be taken as the type of the order. 



Fig. 89. — Adult of Pleurobrachia rhododtictyla, in a natural attitude and of the 
natural si2e. (After A. Agai>.siz.) c One of the ctenophores ; i One of the tentacles. 


the Structure of all being similar to this in essential points. 
Pleurobrachia (fig. 89) possesses a transparent, colourless, 
gelatinous, melon-shaped body, or actinosoma,*' in which the 
two poles of the sphere are termed respectively the “ oral ” and 
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“ apical,” and the rest of the body constitutes the interpolar 
region. At the oral pole is the transverse mouth, bounded 
by lateral, slightly protuberant margins. “Eight meridional 
bands, or ‘ ctenophores * bearing the comb - like fringes, or 
characteristic organs of locomotion, traverse at definite in- 
tervals the interpolar region, which they divide into an ecjual 
number of lune-like lobes, termed the ‘ actinomeres ; ’ but 
this division of the body does not extend into the immediate 
vicinity of the poles, before reaching which the ctenophores 
gradually diminish in diameter, each terminating in a point ” 
(Greene). The normal number of the ctenophores is eight 
(four or twelve in some other forms), and each consists of 
a band of surface elevated transversely into a number of 
ridges, to each of which a fringe of cilia is attached, so as to 
form a comb-like plate. The cilia in the middle of these 
paddle-like transverse ridges are the longest, and they gradually 
diminish in length towards the sides, so that the form of each 
comb is somewhat crescentic. Beside the comb-like groups 
of vibratile cilia, Pktirobrachia is provided with two very long 
and flexible tentacular processes, which are fringed on one 
side with small cirrhi. These filamentous processes arise 
each from a sac, situated on one of the lateral actinomeres, 
within which they can be completely and instantaneously re- 
tracted at the will of the animal. 

The mouth of Fleurobrachia (fig. 90, a) opens into a 
fusiform, digestive sac, or stomach \b\ the lower part of which 
is provided with brown cells, supposed to discharge the func- 
tions of a liver. The stomach opens below into a shorter and 
wider cavity (r), termed the “ funnel,” from which two canals 
diverge in the direction of the vertical axis of the organism, 10 
open at the “apical pole.” These canals are known as the 
“apical canals” (<*), and their apertures as the “apical pores.” 
From the funnel two other pairs of canals are given off. Of 
these, one pair — known as the “ paragastric canals ” — turns 
upwards, one running parallel to the digestive sac on each side 
(</), and “ terminating caecally before quite reaching the oral 
extremity.” The second pair of canals (/) — the so-called 
“radial canals” — branch off from the funnel laterally, each 
dividing into two, and then again into two, as they proceed 
.towards the periphery of the body. Thus the two “ primary ” 
radial canals produce four “ secondary ” canals (k\ and these, 
in turn, give rise to eight “tertiary” radial cands (/), which 
finally terminate by opening “at right angles into an equal 
number of longitudinal vessels, the ‘ ctenophoral ' canals (/), 
whose course coincides with that of the eight locomotive 

M 
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bands. These canals end cjecally both at their oral and apical 
extremities” (Greene). The whole of this complex canal- 
system is lined by a ciliated endoderm, and a constant circula- 
tion of the included nutrient fluid is thus maintained. 



Fig. 90. — Mor[)hologj' of Ctenophora. r. Diagrammatic transverse section of Plcurc- 
brachia. b Digestive cavity : i i Primary radial canals ; k k Secondary radial canals; 
1 1 Tertiary radial canals ; t'’ Tentacle. 

2. Longitudinal section of Plcurobrnchia, a Mouth; b Dige.stive cavity; r Fun- 
nel ; d d Paraga.stric canals; e c Apical canals; / Ctenophoral canals ; .v rentacle ; 
k Ctenocyst. (After Greene.) 


Immediately within the apical pole is situated a small cyst 
or vesicle, supposed to be an organ of sense, and tenned the 
“ ctenocyst ” (//). In structure the ctenocyst” consists of a 
spherical vesicle, lined with a ciliated epithelium, and filled 
with a clear fluid, which contains mineral particles, probably 
of carbonate of lime. Just beneath the ctenocyst is a cellular 
mass, which has been described as giving off eight filaments 
running along the ctenophores, and is generally believed to be 
a nervous system. Primer denies that the central ganglionic 
mass is nervous, but describes a plexiform nervous system. 
The reproductive organs of Pleurobrachia are in the form of 
folds, containing either ova or siiermatozoa, and situated be- 
neath the endodermal lining of the ctenophoral canals, one on 
each side. 

The embryo Pleurobrachia is at first rudely cylindrical in 
form, a belt of cilia passing round the middle of its body. 
This soon breaks up into two lateral groups, which eventually 
disappear altogether. I’he primitive ctenophores are four in 
number, each ultimately breaking up into two. 

As regards the homologies between Actmia and Pleurobrachia, 
the following may be quoted from Professor Greene ; — 

“ If now a comparison be made between this nutrient system” 
(the canal-system of the Ctenophora) “and that of Actinia, the 
digestive sacs of the two organisms are clearly seen to cone- 
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spond in form, in relative size, and mode of communication 
with the somatic cavity. The funnel and apical canals of 
Fleurobrachia^ though more distinctly marked out, are the 
homologues of those parts of the general cavity, which in 
Actinia are central in position, and underlie the free end of the 
digestive sac. So also the paragastric and radial canals may 
be likened to those lateral portions of the somatic cavity of 
Actinia which are not included between the mesenteries. 
Lastly, the ctenoi)horal canals of Plenrobrachiazxii\. the somatic 
chambers of Actinia apj)ear to be truly homologous, the chief 
difference between the two forms being, that while in the latter 
the body-cliambers are wide and separated by very thin parti- 
tions, they are in Plenrobnichia reduced to the condition of 
tubes ; the mesenteries which intervene becoming very thick 
and gelatinous, so as to constitute, indeed, the principal bulk 
of the body.” The apical ” canals, again, by which the di- 
gestive sac communicates inferiorly with the external medium, 
may be compared with the perforation whicli is found in some 
of the Actinidic {Ccriant/ii/s and Pcachia) traversing the axis of 
the base or foot. 

The remaining members of the Ctenophora conform in most 
essential respects with Picnrobrac/tia^ the most important dif- 
ferences being found in the canal -system. For purposes of 
comparison this system may be divided into four portions as 
follows: I. 'fhe ‘Lixial system,” consisting of the mouth, 
stomach, funnel, and apical canals ; 2. The “ paraxial system,” 
comprising the paragastric canals ; 3. The “ radial system,” 
comprising the primary, secondary, and tertiary radial canals ; 
4. The “ctenophoral system,” consisting of the tubes which 
run underneath the locomotive bands. 

In Bcrocy which is in other respects very similar to Plcuro- 
brachia, the axial system of canals is the same as we have seen 
in the latter. 'I’he paraxial system, however, consists of two 
pairs of paragastric canals, which, instead of terminating cai- 
cally, open into a circular canal which surrounds the mouth, 
'fhe ctenophoral canals, likewise, open into the oral vessel, in- 
stead of terminating cmcally as in Plcurobrachia, Lastly, the 
radial system is not developed, the ctenophoral canals simply 
curving round towards their apical extremities, and opening 
into the funnel directly. 

Amongst the Berouhe the mouth extends entirely across the 
oral extremity of the body ; hence they have been termed 
hnrystomata^ the term Stenostomata being applied collectively 
to all the other Ctenophora, 

The Beroidee further differ from Plcurobrachia in being desti- 
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tute of the long tentacular appendages so characteristic of the 
latter. 

In Cesium^ or “Venus’s Girdle,” “elongation takes place to 
an extraordinary extent at right angles to the direction of the 
digestive track, a flat, ribbon-shaped body, three or four feet in 
length, being the result.” 

The Ctenophora may be divided into the following groups : — 

A. Eurystomata. — Oral aperture large, occupying the whole of the 

oral extremity of the body. 

1. Beroidcc, The paragastric canals opening into a circum-oial 

ring. No tentacles. Ex. Berocy Idyia, 

B. Stenostomata. — Mouth small and narrow. 

2. Saccahe, No circum-oral canal; tentacles two. E.\. PlcurO’ 

brachiay Eschscholtzuiy JJormip/iora. 

3. Lobahe, Body furnished with a pair of wing-like oral exten- 

sions or lobes. Ex. Boliniiy Mnctnuiy Eiicharisy I.c’suttiria. 

4. TieniatiC. Body ribbon-like ; no oral lobes ; two tentaclej-. 

Ex. Cesium, 


CHAPTER XVI. 

DISTRIBUTION OF ACTINOZOA, 

I. Distribution of Actinozoa in Space. 2. Coral-reefs. 
3. Distribution of Actinozoa in Time. 

Distribution of Actinozoa in Space. — The Zoant/iaria 
malacodermata appear to have an almost cosmopolitan range, 
Sea-anemones being found on almost every coast ; some of the 
tropical forms attaining a very large size. Whilst essentially 
littoral and shallow- water forms, a few of the members of this 
group have been found by the Challenger expedition to ex- 
tend to great depths. Thus, as shown by Mr Moseley, 
Eciwardsia has been found at 800 fathoms, and Ccrianthus 
at no less than 2750 fathoms; while species of Actinia itself 
go down to over 1000 fathoms. A few forms also (such as 
Arachnactis^ NautactiSy PlotactiSy Oceanactisy and Minyas) are 
pelagic in habit, and live in the open ocean. The Aniipathida’. 
are principally inhabitants of warm seas ; but have been found 
off the coast of Greenland ; while they extend to great depths. 
The Alcyonidee are principally inhabitants of shallow water; 
but the Fennatuiidiz extend their range up to very great depths. 
The Gorp^onidcd are likewise mostly shallow-water forms, and 
they attain their maximum in the seas of the tropics. The 
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Red Coral of commerce is a Mediterranean species, and occurs 
])rincipally at depths of from 5 to 6 fathoms, though occurring 
at 120 fathoms or more. The Organ-pipe Corals {Tubipora) 
are confined to the warm seas of the coral region ; ” and the 
genus Heliopora^ the only recent representative of the family 
Helioporidce, is confined to the Pacific and Indian Oceans. 
The only living corals referred to the Rugosa are Guynia, 
which is found in the Mediterranean, and the Haplophyllia of 
the Florida seas. The Cienophora are pelagic, free-swimming 
forms, and appear to be cosmopolitan in their distribution. 
Lastly, the Zoantharia sclerodcrmata are partly inhabitants of 
deep water, and partly shallow-water forms ; and the latter, as 
commonly forming ‘‘coral-reefs,*' are so important as to de- 
mand special consideration. 

The so-called “ reef-building ** corals have their distribution 
conditioned by the mean winter temperature of the sea, a tem- 
perature of not less than 66^ being necessary for their existence. 
The seas, therefore, which j)ossess the necessary temperature 
may be said to l>e all comprised within a distance of about 
t8oo miles of the equator on each side. Within these limits, 
however, apparently owing to the influence of arctic currents, 
no coral-reefs are found on the western coasts of America and 
Africa. They are found chiefly on the east coast of Africa, 
the shores of Madagascar, the Red Sea, and Persian Gulf, 
throughout the Indian Ocean and the whole of Polynesia, and 
around the West Indian Islands and the coast of Florida. 
The headquarters of the reef-building corals may be said to 
be round the islands and continents of the Pacific Ocean. A 
“coral-reef” is a mass of coral, sometimes many hundred 
miles in length, and it may be two thousand feet or more 
in thickness, produced by the combined growth of different 
species of coralligenous Actinozoa, As before said, a mean 
winter temperature of not less than 66^ is necessar}^ for their 
existence, and therefore nothing worthy of the name of a 
“coral-reef** is to be found in seas so far removed from the 
equator as to possess a lower winter temperature than the above. 

According to Darwin, coral-reefs may be divided into three 
principal forms — viz., Fringing reefs. Barrier-reefs, and Atolls, 
distinguished by the following characters ; — 

I. Friitging-reefs (fig. 91, i). — These are reefs, seldom of 
great size, which may either surround islands, or skirt the 
shores of continents. These shore-reefs have no channel of 
any great depth intervening between them and the land, and 
the soundings on their seaward margin indicate that they re- 
pose upon a gently sloping surface. 



i 82 


MANUAL OF ZOOLOGY. 


2. Barrier reefs (fig. 91, 2). — These, like the preceding, may 
either encircle islands, or may skirt continents. They are dis- 
tinguished from fringing-reefs by the fact that they occur usu- 



Fiij. 91.— Structure of coral-reefs, r, Frinpins:-rcef ; 2. narricr-rocf : 3. AidII, n Sc.i- 
level; b Coral-reef; c Primitive land; d Portion of sea within the reef, forming a 
channel or lagoon. 


ally at a much greater distance from land, that there intervenes 
a channel of deep water between them and tlie shore, and that 
soundings taken close to their seaward margin indicate enor- 
mous depths. If the barrier-reef surround an island, it is 
sometimes called an ‘‘encircling barrier- reef,’^ and it consti- 
tutes with its island what is called a “lagoon island.” 

As an example of this class of reefs may be taken the great 
barrier-reef on the N.E. coast of Australia, the structure of 
which is on a perfectly colossal scale. This reef runs, with a 
few breaches in its continuity, for a distance of more than a 
thousand miles, its average distance from the shore being 
between twenty and thirty miles, and the depth of the inner 
channel being from ten to .sixty fathoms, whilst the sea outside 
is “profoundly deep” (in some places over 1800 feet). 

3. Atolls (fig. 91, 3).- — These are oval or nearly circular reefs 
of coral, enclosing a central expanse of water or lagoon. They 
seldom form complete rings, the reef being usually breached 
by one or more openings, which are always situated on the lee- 
ward side, or on that side which is most completely sheltered 
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from the prevailing winds. In their structure they are iden- 
tical with encircling barrier-reefs/^ and differ from these only 
in the fact that the lagoon which they enclose does not contain 
an island in its centre. 

If a coral-reef be observed — say a portion of an encircling 
barrier-reef — the following are the general phenomena which 
may be noticed. The general shape of the reef is triangular, 
presenting a steep and abrupt wall on the seaward side, and 
having a long and gentle slope towards the land. The outer 
margin of the reef is exposed to the beating of a tremendous 
surf, whilst the soundings taken just outside the line of breakers 
always indicate great depths. The longer inner slope is washed 
by the calm waters of the inner lagoon or channel. The reef is 
only very partially composed of living corals, which are found 
to occupy a mere strip, or zone, along the seaward margin of 
the reef ; whilst all above this, as well as all below, is consti- 
tuted by dead coral, or “ coral-rock.” 

As to the method in which such a reef is produced, the fol- 
lowing facts have been established : — 

A. The coral-producing polypes cannot exist at levels higher 
than extreme low water, exposure to the sun, even for a short 
period, proving rapidly fatal. It follows from this that no 
coral-reef can be raised above the level of the sea by the efforts 
of its builders. The agency whereby reefs are raised above the 
surface of the sea is the denuding power of the breakers which 
constantly fall upon their outer margins. These detach large 
masses of dead coral, and heaj) them up in particular places, 
until an island is gradually produced. The fragments thus 
accumulated are compacted together by the finer detritus of 
the reef, and are cemented together by the percolation of water 
holding carbonate of lime in solution. In this way the upper 
surface of the reef, along a line of greater or less breadth, is 
more or less completely raised above the level of high water. 
It is obvious, however, that the reef might be entirely de- 
stroyed by a continuation of this process — the sea being quite 
competent to undo what it had done — unless some counter- 
acting force were brought into play. This counteracting force 
is found in the vital activity of the living corals, which form the 
seawanl margin of the reef, and which, by their growth, prevent 
the sea from always destroying the masses of sediment which 
it may have thrown up. 

B. The coral - producing polypes are essentially shallow- 
water animals, ^nd cannot exist at depths exceeding some 15 
to 30 fathoms. It follows from this that no coral-reef can be 
commenced upon a sea-bottom deeper than about 30 fathoms. 
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The question now arises — In what way have reefs been pro- 
duced, which, as we have seen, rise out of depths of 300 
fathoms or more? This question has been answered by 
Darwin, who showed that the production of barrier-reefs and 
atolls was really to be ascribed to a gradual subsidence of the 
foundations upon which they rest. Thus, if a fringing-reef 
which surrounds an island be supposed gradually to sink . be- 
neath the sea, the upward growth of the corals will neutralise 
the downward movement of the land, so far, at any rate, that 
the reef will appear to be stationary, whilst it is really growing 
upwards. The island, however, as subsidence goes on, will 
gradually diminish in size, and a channel will be formed be- 
tween it and the reef. If the depression should be still con- 
tinued, the island will be reduced to a mere peak in the centre 
of a lagoon : and the reef, from a “ fringing-reef,” will have 
become converted into an “encircling barrier-reef.” As the 
growth of the reef is chiefly vertical, the continued depression 
will, of course, have produced deep water all round the reef. 
If the subsidence be continued still further, the central peak 
will disappear altogether, and the reef will become a more or 
less complete ring surrounding a central expanse of water ; 
thus becoming converted into an “atoll.” The production, 
therefore, of encircling barrier-reefs and atolls is thus seen to 
be due to a process of subsidence of the sea-bottom. The 
existence, however, of fringing-reefs is only possible when the 
land is either slowly rising, or is stationary; and, as a matter 
of fact, fringing reefs are often found to be conjoined with up- 
raised strata of Post-tertiary age. Atolls and encircling barrier- 
reefs, on the other hand, are not found in the vicinity of active 
volcanoes — regions where geology teaches us that the land is 
either stationary, or is undergoing slow upheaval. 

C. Different portions of a coral-reef are occupied by differ- 
ent kinds of corals. According to Agassiz, the basement of a 
coral-reef is formed by a zone of massive Astrceafis. These 
cannot flourish at depths of less than six fathoms of water, 
and consequently when the surface of the reef has reached this 
level, the Astreeans cease to grow. Their place is now taken 
by Meandrinas (Brain-corals) and Porites ; but these, too, 
cannot exteild above a certain level. Finally, the summit of 
the reef is formed by an aggregation of less massive corals, 
such as MadreporidcCy MiUeporidcBy and Gorgonidee, 

Distribution of Actinozoa in Time.— With the single exception of 
the Mollusca, no division of the animal kingdom contributes such import- 
ant and numerous indications of its past existence as the Actinozoa. 

In the Palajozoic rocks the majority of corals belong to the division 



CCELENTERATA : LITERATURE. 1 85 

Riigosa^ these seeming to have filled the place now taken by the scleroder- 
mic Zoantharia. Until quite recently it was believed that all the Rugosa 
were Palaeozoic, with the exception of the genus Holocystis^ represented in 
the Cretaceous period (Lower Greensand) by the single species II. elegans. 
Recent researches, however, have brought to light the existence in our 
present seas of at least two genera {Haplophyllia and Guynid), which be- 
long to the Rugose family of the Cyathaxonida ; and certain Tertiary 
Rugose Corals {Conosmilia) have also been described (Martin Duncan). 
Of the families of the Rugosa^ the Cyathophyllida and Cystiphyllida are 
exclusively Palaeozoic ; the Cyaihaxonidce 2iXt Palreozoic, but are represented 
by two living genera; and the Sianridie are represented in the Silurian 
rocks {Sfatirta)j Devonian {Metriophyllum)^ Permian {PoIyccelia\ and in 
Tertiary deposits {Conosmilia). 

The 'Zoantharia sclerodermata^ though attaining their maximum at the 
present day, nevertheless are well represented in past time, beginning in 
the Silurian period. The Perforata are principally represented by the 
FavositidiV during Paloeozoic time, though other forms of this section are 
not unknown ; but, like the Aporosa, they attain a much greater develop- 
ment in the Mesozoic and Kainozoic deposits. 

The Zoantharia scln'ohasica are hardly known as fossils, but the Miocene 
deposits of Piedmont (Middle Tertiary) have yielded a species of Antipathes. 

The Zoantharia malacodermata, from the soft nature of their bodies, are 
obviously incapable of leaving any traces of their existence ; though we 
are by no means therefore justified in asserting that they did not exist in 
past geological epochs. 

With the reference of the Ileliopondcv. to the Alcyonaria^ the range of 
this order has been enormously increased in past time. Formerly no ex- 
ample of the order was known as occurring in any Palaeozoic stratum, the 
so-called Prohroirgnlaria of the Lower Silurian being probably a Graptolite. 
Now we know of various abundantly distributed Alcyonarian corals in the 
PaUeozoic rocks, the most important’ being the I/eliolites of the Silurian 
and Devonian. The allied genus Polytremacis is Cretaceous. Of the 
Gorgonidtc two genera (Ji/opsea and fFehsterda) are found in the Eocene ; 
and the genus Corallinm, doubtfully quoted from the Jurassic and Creta- 
ceous, is found in the Miocene, which has likewise yielded examples of/f?V, 
Gorgonia^ &c. 'I'he Penuatiiluhv commence in the Eocene, with Graph- 
nlaria. The Tnhiporid(C (unless the Paheozoic Syringoporidto be referred 
here) are unknown as fossils, and the AlcyonidiC arc not known to occur 
till the Pliocene is reached. 

The Ctenophora^ being wholly destitute of hard structures, arc not known 
at all as occurring in the fi)ssil condition. 


I. I T E R A T U R E. 

General Works, 

1. “ Manuel d’Actinologie ct de Zoophytologie.” Dc Rlainville. 1S34-37. 

2. “ Klassen und Ordnungen dcs Thicr-Rcichs,” vol. ii. ‘Strahlenthiere.’ 

Broun. 1859-60. 

3. “ Manual of the C(elenterata.” Greene. 1S61. 

4. “ Essay towards a Natural History of Corallines.” Ellis. 1775 - 
5- “ Die Pflanzen-Thiere in Abbildungcn.” Esper. 178S-1830. 

6. “ Ilistoire des Animaux sans Vertebres,” vol. ii. Lamarck. (Ed. 2, 

1836.) 

7. History of British Zoophytes.” Johnston. 1847. 

8. “ Manual of Marine Zoology for the British Isles.” Gosse. 1855, 



1 86 MANUAL OF ZOOLOGY. 

9. “ Beitriige zur Kenntniss Wirbelloser Thiere.” Frey and Leiickarl. 
1847. 

10. “leones Histiologies.” Abth. ii. ‘Die Binde - Siibstanee der 

Ccelenteraten. ’ Kolliker. 1866. 

11. “Ilistoirc Naturelle des Coralliaires ou Polypes proprement dits.” 

Milne-EdWards and Ilaime. 1855-60. 

12. “ Zooj)hytes. ” ‘ Report of P^xploring Expedition under Capt. Wilkes. * 

Dana. 1848. 

13. “ On the Alternation of Generations.” Steenstnip. (Eng. Trans, by 

Busk.) 1845. 

14. “ Contributions to the Natural History of the United States.” (Aea- 

lephs, vols. iii and iv.) Louis Agassiz. 1860-62. 

A. HYDROZOA, 

I. Hydrida. 

15. “ Memoires pour servir^ I’histoire d’un genre de Polypes d’eau donee, 

i bras en forme de comes.” Trembley. 1744. 

16. “ Hydra, ein anatomisch entwickclungs-gcschichtliche Untersuehung.” 

Kleinenberg. 1872. 

II. CORVNIDA, SerTULARIDA, AND CaMPANULARIDA. 

17. “Monograph of the Gymnoblastic or Tiibularian Hydroids.” ‘Ray 

Society.’ Allman. 1S71. (The first I'lart of this work comprises 
an elaborate account of the Ilydroida generally.) 

18. “ British Hydrokl Zoophytes.” Ilincks. 1872. 

19. “ Recherches .sur la Faune littorale do Belgique.” (Polypes.) Van 

Beneden. 1866. 

20. “ Contributions to the Natural History of the United States.” 

(Acaleplne.) Louis Agassiz. 1860-62. 

21. “ North American Acalepha'.” ‘ lilust. Catalogue Mus. Comp. Zool.’ 

No. II. (Hydroida, pp, 64-198.) A. Agassi/. 1865. 

22. “Report on the Ilydroida of the Gulf-Stream.” ‘Memoirs of the 

Museum of Comparative Zoology at Harvard.’ Allman. 1877. 

III. Oceanic Hydrozoa. 

23. “Monograph of the Oceanic Hydrozoa.” ‘ Ray Society.’ (With a 

general introduction.) Huxley. 1859. 

24. “ Die Siphonophoren oder Schwimm-polypen von Messina.” Kcilliker. 

1853* 

25. “Siphonophoren von Nizza.” ‘ Zoologische Untorsuchungen,’ ii. 

Lcuckart. 1853. 

IV. Medusid^ and Lucernarida. 

[The works quoted under tliis section deal not only witli the above-men- 
tioned groups as here understood, but also largely with the Medusoid 
Gonophores of other Hydrozoa.] 

26. “ System der Acalephen.” Eschscholtz. 1829. 

27. “Die Akalephen des Rothen Meeres,” &c. Ehrcnbcrg. 1836. 

28. “Acalephes.” (* Suites a Buffon.’) Lesson. 1843. 

29. “Monograph of the British Naked-Eyed Medusic.” ‘ Ray Society.’ 

lid ward Forbes. 1848. 

30. “Anatomy and Affinities of the Family of the Medusa;.” ‘Phil. 

Trans.’ Huxley. 1849. 



CGELENTERATA : LITERATURE. 187 

31. **Der Generation - Wcchsel und die Fortpflanzung der Medusen.” 

Gegenbaiir. 1854. 

32. “Versuch ciries Systems der Medusen.’^ ‘Siebold and Kblliker’s 

Zeitschrift,’ 1857. Ciegenbaur. 

33. “Contributions to the Natural History of the United States.” 

(Acalcpha;, vols. ii. and iii.) Louis Agassiz. 1860-62. 

34. “North American Acalephcc.” ‘HI. Cal. Mus. Comp. Zool.,’ ii. A 

Agassiz. 1865. 

35. “Monograph of the Gymnoblastic or Tubularian llydroids.” ‘Ray 

Society.’ Allman. 1871. 

36. “ Ueber cine neue Form des Gcneration-wechsers, bei den Meduscn,” 

See, ‘ Monatsbericht der Kbn. Akad. der Wiss. Berlin,’ 1865. 
(Trans. Annals of Nat. Hist., 1865.) Haeckel. 

37. “ Beitr'age zur Naturgeschichteder Hydromcdiiscn.” Haeckel. 1865. 

38. “ Stuclien iiber die Entwickeliing der Medusen,” ‘ Siebold and 

Kblliker’s Zeitschrift,’ 1874. Metschnikoff. 

39. “ Life*liistorics of Animals.” Packard. 1875. 

V. Graptolitid/E. 

40. “ Graptoliles de Poheme.” llarrande. 1850. 

41. “ Ueber Graptolithen.” Scharenberg. 1851. 

42. “Die Graptolithen.” ‘ Versteinerungen dcr Grauwacken-formation.’ 

Geinitz. 1852. 

43. “Graptolites of the Quebec Series.” ‘ Descript, of Canadian Organic 

Remains.’ Decade ii. Hall. 1865. 

44. “ British Graptolites. ” ‘ Siluria,’ 4th Edition, Appendix. Carruthers. 

1867. 

45. “Monograph of the British Graptolitidce.” Part i., General Intro- 

duction, Nicholson. 1872. 

46. “Morpholog)^ and Affinities of Graptolites.” ‘Annals Nat. Hist.,’ 

1872. Allman. 


VI. IIydrocorallin.e. 

47. “ Contributions to the Natural Histor}" of the United Stales.” Louis 

Agassiz. (The anim.al of Millcponx is figured, vol. ii., j>l. xv., and 
the genus is referred to the Hydrozoa.) 

48. “ Grund/iige dcr Zoologie.” Claus. 1874. 

49. “ Observations critiques sur la classification dcs Polypiers palei>- 

zoiques.” Compt. Rend. t. Ixxx., 1875. Dollfiis. 

50. “Notes on Two Species of Millepora,” &c. ‘Phil. Trans.,’ 1S76. 

Moseley. (This memoir also contains a note on the structure of a 
Stylaster.) 

51. “ Structure of a Species of Millepora occurring at Tahiti.” ‘Annals 

Nat. Hist.,’ 1876. Moseley. 

52. “ Preliminary Note on the Structure of the Slylasterida?.” ‘Annals 

Nat. Hist.,’ 1877. Moseley. 

53. “ On the Actinozoan Nature of Millepora alcicornis.” ‘ Annals Nat. 

Hist.,’ 1876. Nelson and Martin IHincan. 

54. “On the Structure of the Stykisteridiv.” ‘Phil. Trans.,* 1S78. 

Moseley. 



MANUAL OF ZOOLOGY. 


1 88 


13. ACTINOZOA. 

I. ZOANTHARI.\. 

55. ** Actinologia Britannica.” Gosse. i860. 

56. Ucl)cr die Polypen im Allgemeinen iind die Actinien insbcsonderc.*’ 
Rapp. 1829. 

57. “ Memoire sur les Edwardsies.** ‘Ann. Sci. Nat.,* 1842. Qiiatrc- 

fa^es, 

58. “ Memoire sur Ic Cerianthe.*’ ‘Ann. Sci. Nat.,’ 1854. Haime. 

59. “ Structure of Actinia} and Corals.** * Sitziingsbericht Oberhess. 

Gesellsch. fiir Natiir. und Heilkunde,* 1871. Schneider and 
Rdtteken. 

60. “ Edwardsia.’* * Quart. Journ. Micr. Sci.,* vol Ixii. Allman. 

61. “ On some New Forms of Actiniaria, dredged in the Deep Sea, with a 

description of certain Pelagic Surface-swimming Specic.s.” ‘Trans. 
Linn. Soc.,’ ser. 2, vol. i., 1877. Moseley. 

62. “Report on Zoophytes” (with Atlas). ‘U.S. Exploring Exped. under 

AVilkes.’ Dana. 1849. 

63. “ Corals and Coral-Islands.’* Dana. 1872. 

64. “ Histoire Naturelle des Coralliaires ou Polypes proprement dits.” 

Milne-Edwards and Haime. 1857-60. 

65. “ Beitnige zur physiologischen Kenntniss dcr Corallenthiere im Allge- 

meinen, und besonders des Rothen Meeres.” ‘ Abh. k. Akail. Wiss. 
Berlin,’ 1834. Ehrenberg. 

66. “ Devcloppment des Coralliaires.” * Archives dc Zool Experiment.,’ 

1872-73. Lacaze-Diithiers. 

67. “Corals.” ‘ Encyclopa}dia Brit.* 9lh ed., vol. vi. , 1877. Nicholson. 

68. “On the Structure and Distribution of Coral-Reefs.” Darwin. 1874. 

(2ded.) 

69. “ Ueber die Natur und Bildung dor Corallen-inscln und C<^rallenbanke 

im Rothen Meere.” ‘Abh. Kdn. Akad. Wiss. Berlin,’ 1834. 
Ehrenberg. 

70. “ I’olypiers Fossiles des Terrains PakWoiqucs.” Milne-Edwards and 

Haime. 

71. “Monograph of the British Fossil Corals.” * PalTContograjdiical 

Society.’ Milno-K<lwards and Haime. 

72. “British Fossil Corals.” (Supplement to the preceding.) ‘ Paleon- 

tographical Society.’ ^iartin Duncan. 

73. “ Tntrofluction a I’etude <les polypiers fossiles.” Fromcntel. 1858-61. 

74. “ Reports on the British Fossil Corals.” ‘ Rep. Brit. As.soc.,' 1 869-7 1. 

Martin Duncan. 

75. “Deep-sea Corals.” ‘ Illust. Cat. Mus. Comp. Zoology',’ No. IV. 

Pourtales. 1871. 

76. “On the Affinities of the Paleozoic Tabulate Corals with Existing 

Specie??.” ‘ Amer. Journ. Sci. and Art.,* 1872. Verrill. 

77. “On the Structure and Affinities of the ‘Tabulate Corals* of llic 

Paleozoic Period.” 1879. Nicholson. 

II. Alcyonaria. 

[Various works previously quoted are largely concerned with the Ah vo- 
naria^ such as Nos. 62, 63, and 64; but the follo^^ing additional works 
may be noted : — J 



CCELENTERATA : LITERATURE. 1 89 

78. ‘ ‘ Anatomiscli-Systematischc Beschreibung der Alcyonarien. ” Kollikcr. 

1870. 

79. ** On the Structure and Relations of the Alcyonarian Ilcliopora 

CtCrulea,” &c. * Phil. Trans.,* vol. 166, 1876. Moseley. 

80. “ Histoire Naturellc du Corail.” ‘ Archives Zool. Exper./ 1872-73. 

Lacaze-Dulhiers. 


III. Rugosa, 

[The are extensively, or even monographically, treated of in 

various works already quoted — Nos. 64, 70, 71, 74; but a few addi- 
tional sources of information may be indicated.] 

81. “ Monographic der Sclerodermata Rugosa aus der Silur-formalion Est- 

lands,” &c. Dybowski. 1873. 

82. “ Beitriige zur Kenntniss Fossiler Korallen.” Kunth. 1870. 

83. “ Guynia and Haplophyllia.” ‘ Phil. Trans.,* 1872. Martin Duncan. 

IV. Ctenophora. 

[Ajxart from special papers, only one or two of which can be noted here, 
the Cknophora are treated of in many of the works previously referred to, 
e.specially in Nos. 2, 3, 14, 21, 23.] 

84. *• Studien^ iiber Organisation und Systematik der Ctenophoren." 

‘ Wiegm. Arch.,’ 1856. Gegenbaur. 

85. “ Entwickelungs-geschichte der Rippenqiiallen. ” ‘Mem. Acad. St 

Petersburg,* x., No. 4. Kowalewsky. 1866. 

86. “ Embryology of the Ctenophorie.” ‘Mem. Amer. Acad. Arts and 

Sci.,’ 1874. A. Agassiz. 

87. “ Zoologische Studien auf Capri. ” Eimer. 1873. 



ECHINODERMA TA. 


CHAPTER XVII. 

EC H INODE RAT A TA, 

The Echinoiknnatay including the Sea-urchins, Star-fishes, Sea- 
cucumbers, &c., form a very distinctly circumscribed group of 
the animal kingdom, and were formerly included in the old 
sub-kingdom Radiata, To Professor Huxley is due the credit 
of having first pointed out that the Echinoclerms possess cer- 
tain remarkable affinities with the lower Worms, and especially 
with those Scolecids which constitute the order of the Turbcl- 
laria. So well marked are these affinities that the above-men- 
tioned eminent zoologist at one time proposed to unite the 
Echinodermata with the Scokeida^ to form a common division, 
or sub-kingdom, under the name of Annuloida; and there are 
many aspects in which this arrangement presents itself as a 
highly convenient one. The progress of modern Zoology has, 
however, shown that it is not possible to establish rigidly 
defined primary divisions of the animal kingdom \ but that 
any sucli divisions must inevitably be more or less artificial, as 
including certain inosculating forms which lead by a more or 
less insensible gradation into neighbouring groups. Thus, in 
the group now in question, while there can be no doubt as to 
the affinities which subsist between the Echinodermata and the 
Scolecida, the latter, in turn, exhibit strong points of relation- 
ship with the lower Annu/osa. While, therefore, we must not 
fail to recognise the points of resemblance between the Echino- 
derms and 'the vScolecids, it seems, upon the whole, best to 
separate the Echinodermata as a distinct primary division or 
‘‘ sub-kingdom,’’ and to regard the Scokeida as a special section 
of the sub-kingdom Annu/osa, 

The Echinodermata may be defined as follows : — 

Simple marine organisms^ the body of the adult more or less 
conspicuously radiate^ that of the young often distinctly bilateral. 
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An alimentary ca?ial, with or without a distinct anus, but 7iever 
cofnmunicatmg with the body-cavity. The water-vascular {ambu- 
lacral) syste^n often subserving locomotion. Nervous system radi- 
ate, coffiposed of an oesophageal rittg a 7 id radiatmg branches. 
Sexes getierally distinct, rarely tmited. 

The members of this class are known commonly as Sea- 
urchins, Star-fishes, Brittle-stars, Feather-stars, Sea-lilies, Sea- 
cucumbers, &c. j and though the fully-grown animal often ex- 
hibits distinct traces of bilaterality, this is usually more or less 
completely masked by the general radiate arrangement of the 
parts of the body. On the other hand, the embryonic Echino^ 
de/yn usually shows distinct bilateral symmetry. The outer layer 
of the general integument (“ perisome is ciliated, and the inner 
layer is more or less hardened by the deposition of carbonate 
of lime in the form of plates, granules, or spicules. In all 
adult Echuioderfns there is a system of tubes, termed the “am- 
bulacral system,'^ which generally subserves locomotion, and 
usually communicates with the exterior. This water-vascular 
system .surrounds the commencement of the alimentary canal, 
and in almost all cases gives off secondary vessels in a radiating 
manner. An alimentary canal is always present, and is com- 
pletely shut off from the body- cavity. A vascular (pseudo- 
hajnuil?) system is generally developed in addition to the true 
water -vessels. The nervous system in all the adult Echhio- 
dcr)ns is a ring-like, usually gangliated cord, which surrounds 
the cesophagus and sends branches parallel to the radiating 
ambulacral canals. 

The process of derclop/zient is sometimes direct ; but in the 
typical members of the class a characteristic form of metamor- 
phosis occurs. The impregnated ovum gives exit to an ovoid 
embryo or ‘‘planula,” freely locomotive by means of cilia, 
which are at first diftused over the body, but wliich soon be- 
comes restricted to transverse bands, or to definite outgrowths 
of the body (“ epaulettes ”) which are disposed with bilateral 
symmetry. The larva or “ pseudembryo ” (fig. 92) next de- 
velops an alimentary canal, with a distinct mouth and anus, 
dividing the embryonic body into two bilaterally symmetrical 
halves. A mass of actively formative protoplasm now appears 
on one side of the stomach, within which are developed a 
circular and radial tubes, the whole being the rudiment of the 
ambulacral system of the future Echifiodenn. A symmetrical 
calcareous skeleton, not converted into that of the adult, may 
be developed in the larva (as in the Echinoids and Ophiu- 
roids), or it may be wanting (as in the Asteroids and Holo- 
thuroids). The mass of protoplasm, above mentioned as 
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developed on one side of the stomach, rapidly increases in 
size, envelops the stomach, which it appropriates, and is ulti- 
mately converted into the adult Echinoderm ; the remainder of 
the larva being absorbed or cast off as useless. 

The essential peculiarity of the development of the typical 
Echinoderms, as above summarised, is that the larva possesses 

provisional organs, which 
may be ultimately absorbed 
or thrown off, but which are 
not converted into the cor- 
responding structures of the 
adult. Thus the larva of an 
Echinoid (fig. 92) possesses 
a mouth and alimentary ca- 
nal, which are not converted 
into, and in no way corre- 
spond with, the mouth and 
alimentary canal of the adult. 
The larva, or ‘‘ pseudem- 
bryo,^^ as it is termed by Sir 
Wyville Thomson, leads a 
perfectly in depend ent exist- 
ence, and the true Echino- 
derm is produced from it by 
a process of internal budding 
or rearrangement. 

Sir Wyville Thomson has, 
further, shown that there are 
various cases amongst the 
Echifioidetiy A stem idea, Ophi- 
uroidea, and Holoihiiroidea, in which the young are developed 
directly from the egg, without the intervention of a locomotive 
pseudembryo. In these cases, the eggs are hatched, and the 
young are brought up, “ within or upon the body of the i)arent, 
and are retained in a kind of commensal connection with her 
until they are sufficiently grown to fend for themselves.^' There 
is no sort of organic connection in these cases between the young 
and the parent ; but the young are often brought up in a 
special receptacle upon the exterior of the mother, to which 
the appropriate name of the “marsupium" has been given. 
This viviparous mode of reproduction seems to obtain specially 
among the Echinoderms of the cold northern and southern 
seas. 

The Echinodermata are divided into seven orders — viz., the 
Crinoidea, Cysioidea, Blastoidea, Ophiuroidea, Astcroidca^ Echi- 



"It Front arms with their internal skele- 
ton ; F F, Arms of the, mouth-proce.^s ; H, 
Posterior side-arm ; a Mouth ; a* CKsopha- 
gus ; b Stomach ; 1/ Intestine ; d Ciliated 
bands; _/_/ Ciliated epaulets ; c Disc of the 
future Echinus. 



ECHINODERMATA : ECHINOIDEA. 


193 


noidea^ and Holothuroidea. Of these, the first is to a consider- 
able extent extinct, and the two next are entirely so ; they are 
really the lowest orders ; but their structure will be better 
understood if the higher orders are considered first. 


CHAPTER XVIIL 
ECHINOIDEA. 

Order Eciiinoidea. — The members of this order — commonly 
known as Sea-urchins — are characterised by the possession of 
a subglobose, discoidal^ or depressed body., encased in a test'' or 
shell, 7 uhich is composed of numerous, usually vnmovably con- 
nected, calcareous plates. The intestine is convoluted, and there 
is a distinct anus. The sexes are distinct, and the lan>a is plutei- 
form, and has a calcareous skeleton. As regards their general 
anatomy, the “ test ” of the Echinoidea is composed of numer- 
ous calcareous plates,* which are generally firmly united to 
one another by their edges, in such a manner that the body 
of the animal is enclosed in an immovable box. In the singu- 
lar Urchins, however, which constitute the family of the Echi- 
nothuridee, the plates of the test overlap one another in an 
imbricating manner, so that the shell becomes quite flexible ; 
and the same is the case with some of the Palaeozoic Echinoics. 
In all living Sea-urchins, and in the great majority of the ex- 
tinct forms, the test is composed gf twenty meridional rows of 
plates, arranged in ten alternating zones (fig. 93, A), which 
typically pass from one pole of the shell to the other, and 
each of which is composed of two similar rows of plates. Five 
of these double rows are composed of large plates, which are 
not perforated by any apertures (fig. 93, A and B, a)\ the 
zones formed by these imperforate plates being termed the 
‘‘ inter - ambulacral areas.” The other five double rows of 
plates alternate regularly with the former, and are termed the 
“ ambulacral areas,” or “poriferous zones.” Ekich of these 
zones (fig. 93, A and B, /) is composed of two rows of small 
plates, which are perforated by minute apertures for the emis- 
sion of the “ ambulacral tubes, ” or “ tube-feet.” In one great 

* The skeleton of the Echinoids is composed of calcified areolar or 
connective tissue, the fibres of which enclose oval or rounded meshes 
(fig. 96, B), exhibiting under the microscope an exceedingly characteristic 
appearance. 

N 




f'iS- 93* — Morphology of Echinoidea. A, Young specimen of Strongylocentrotus 
DrdbachiensiSf viewed from above. B, Small portion of the test of the same, magni- 
fied. C, Summit of the lest of Echinus sphcrra, magnified. D, ClyPeaster suMe- 
pressnst viewed from above, showing the petaloid ambulacra. E, Spine of Foroci- 
darts purpurata, F, Pedicellaria of Toxopneustes lividus. a a Ambulacral areas ; 
i i Inter-ambulacral areas ; g Genital plate ; o Ocular plate ; m Madreporiform 
tubercle ; p Membrane surrounding the anus. (Figs. A, B, and D are after A. 
Agassiz.) 


another great group the ambulacral areas are not thus con- 
tinuous from pole to pole, but simply form a kind of rosette 
upon the upper surface of the shell. In these cases — as in the 
common Heart - urchins — the ambulacral zones are said to 
be “ circumscript ” (ambulacra circumscripta) or “ petaloid ” 
(fig. 93, D). Growth of the test is carried on by additions 
made to the* edge of each individual plate, by means of an 
organised membrane which passes between the sutures where 
the plates come into contact with one another. The plates 
of the test are studded with large tubercles, which are more 
numerous on the inter-ambulacral areas than on the ambu- 
lacral (fig. 93, B). These tubercles carry spines (fig. 93, E, 
and fig. 94) used defensively and in locomotion, which are 
articulated to their apices by means of a sort of “ universal " 
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or “ ball-and-socket ” joint. Occasionally a small ligamentous 
band passes between the head of the tubercle and the centre 
of the concave articular surface of the spine, thus closely 



Fig. gj^.—Cidaris />apiliata, (After Gossc.) 


resembling the ‘‘round ligament'* of the hip-joint of man. 
Besides the main rows of plates just described, forming the 
so-called “ corona," other calcareous pieces go to make up the 
test of an Echinus, The mouth is surrounded by a coriaceous 
peristoniial membrane, which contains a series of small cal- 
careous pieces, known as the “ oral plates ; " whilst a corre- 
spending series of “ anal plates " is found in the membrane 
(hg* 93» P) surrounding the opposite termination of the 
alimentary canal. Surrounding the aperture of the anus at 
the summit of the test is the “apical disc," composed of the 
so-called genital and ocular plates (fig. 93, C). The “ genital 
plates" are five large plates of a pentagonal form, each of 
which is perforated by the duct of an ovary or testis. One of 
the genital plates is larger than the others, and supports a 
spongy tubercle, perforated by many minute apertures, like 
the rose of a watering-pot, and termed the “ madreporiform 
tubercle " (fig. 93, C, m). In some cases, this tubercle is not 
connected with one of the genital plates, but is placed in the 
centre of the apical disc. The genital plates occupy the 
summits of the inter-ambulacral areas. Wedged in between the 
genital plates, and occupying the summits of the ambulacral 
areas, are five smaller, heart-shaped, or pentagonal plates, 
known as the “ ocular plates," each being perforated by a pore 
for the reception of an “ ocellus ” or “ eye." (The existence 
of an eye-spot is denied by high authorities. ) 
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Besides the spines, which are sometimes of a very great 
length, the test bears curious little appendages, called “ pedi- 
cellariae” (fig. 93, F), and originally supposed to be parasitic. 
Each of these consists of a stem, bearing two or three, some- 
times four, blades or claws, which snap together and close 
upon foreign objects like the beak of a bird. Their action 
appears to be independent of the will of the animal, and their 
true function is not known ; but they may be regarded as 
peculiarly modified spines. One function performed by the 
pedicellariae, in some species at any rate, is the removal of 
excrementitious particles of food. Such particles, on being 
ejected from the vent, are seized by the pedicellarice, passed 
on from one to another, and ultimately entirely got rid of. 

In almost all recent Urchins, the test also carries, as shown 
by Lov^n, curious stalked appendages, with button-like heads 
covered with cilia. These so-called ‘‘ sphceridia are supposed 
to be organs of sense — probably of taste. 

Locomotion in the Echinoidea is effected by means of a 
singular system of contractile and retractile tubes, which 
constitute the ^‘ambulacral tubes, or ‘ 4 ube-feet,^' and are 
connected with the ‘‘ ambulacral system of aquiferous canals 
(fig. 95). From the perforated ‘‘ madreporiform tubercle** on 
the largest of the genital plates, there proceeds a membranous 
canal, known as the stone** or ‘‘sand canal **(.f), whereby 
water is conveyed from the exterior to a circular tube (f) sur- 
rounding the oesophagus, and constituting the centre of the 
water - vascular or ambulacral system. The function of the 
madreporiform tubercle (w) appears to be that of permitting 
the ingress of water from the exterior, but of excluding any 
solid particles which might be injurious ; and as its area is 
much larger than that of the stone-canal, it admits sea water 
not only to the ambulacral vessels, but also to the body-cavity. 
It should be added, however, that the admission of water to 
the body-cavity through the madreporic tubercle is denied by 
Perrier. The “circular canal** (r) surrounding the gullet is 
situated between the nervous and blood-vascular rings, and 
gives off five branches — the “radiating canals** — which pro- 
ceed radially along the “ ambulacral areas ** in the interior of 
the shell (a a). In this course they give off numerous short 
lateral tubes — the “ tube-feet ** — which pass through the “ am- 
bulacral pores ** to gain the exterior of the test, and terminate 
in suctorial discs. Besides the radiating ambulacral canals, 
there are connected with the circular canal certain vesicles of 
unknown functions {p p)y known as the “Polian vesicles** 
{ampul/ce PoUance), Five Polian vesicles are generally pres- 
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ent ; but some forms are wholly without these organs. The 
ambulacral tubes, or tube-feet, can be protruded at the will of 
the animal through the pores 


which perforate the ambula- 
cral areas, and can be again 
retracted. By means of 
these locomotion is effected, 
the tul^e-feet being capable 
of protrusion to a length 
greater than that of the 
longest spines of the body. 
The mechanism by which 
the tube-feet are protruded 
and retracted is as follows : 
Each tube-foot, shortly after 
its origin, gives rise to a 
secondary lateral branch, 
which terminates in a vesi- 
cle. These vesicles or ‘‘am- 
pul Ice” {v) are j)rovided with 
circular muscular fibres, by 
the contraction of which 
their contained fluid is forc- 
ed into the tube-feet, which 
are thus protruded. Retrac- 
tion of the ambulacral tubes 
is effected by proper mus- 
cular fibres of their own, 
which expel again the fluid 
which has been forced into 
them by the vesicles. The 
walls of the stone-canal are 
strengthened by calcareous 
deposits ; and the termina- 
tions of the tube-feet con- 
tain in many forms a cal- 


Fig. 95.— Diagram of the ambulacral system 
of Echinus, in Madreporiform tubercle ; s 
Stone-canal ; r Central cesophageal ring ; 
^ P Polian vesicles ; a a Radiating ambu- 
lacral vessels. Only the bases of four of the 
radiating vessels are shown ; and a few of 
the tube-feet (/). with their sccondarv’ ves- 
icles or “ampullae” (?'), are shown on one 
side of one of the radiating canals. 


careous rosette, often >vith 


a calcareous ring below it, whilst the walls of the tube-feet are 
furnished with calcareous spicules. 

The total area over which the tube-feet can be protruded 
depends upon the extent to which the “ ambulacral ” or “ pori- 
ferous” zones of the test are developed. In the typical or 
“Regular” Sea-urchins, the ambulacral areas are “perfect,” 
and extend from pole to pole ; whereas in the so-called 
“Irregular” Urchins (such as the Heart-urchins and Cake- 
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urchins), they are ‘‘ interrupted,” being restricted to the summit 
of the test, and usually being broad and petaloid (fig. 93, D). 

As regards the digestive system, the mouth is typically 
situated in the centre of the base ; but it may be excentric ; 
and in one singular living form (Leskid) it is protected by 
valvular calcareous plates. Some forms have the mouth tooth- 
less, but others possess a complicated masticating apparatus. 
In Echinus this consists of five long, calcareous, rod-like teeth, 
which perforate five triangular pyramids, the whole forming a 
singular structure, known as ‘‘Aristotle’s Lantern” (fig. 96, C). 



Fig. 96. — A, The masticatory apparatus of an Echinoid {Toxofncustrs thniins), viewed 
from above, with part of the alimentary canal attached to it ; a (Ks»»phagus ; d 
Heart, with the sand -canal (c) in a groove on one side ; ti’Vh^ summit of the masti- 
catory apparatus, w’ith some of the muscles {r) of the same. II, Minute structure 
of one of the plates of the test of an Echinus (greatly magnified), showing the calci- 
fied areolar tissue. ^ C, The mastic.atory apparatus of SphtFreihinus rsculentus, 
viewed from the inside and laterally, as seen in place : // Peristomial margin of the 
corona ; g g Two of the radiating ambulacral vessels, with their rows of ampulhe. 

The mouth conducts by a pharynx and a tortuous oesophagus 
to a stomach', opening into a convoluted intestine, which winds 
round the interior of the shell, and terminates in a distinct 
anus. The mouth is always situated at the base of the test, 
and may be central, subcentral, or altogether excentric in 
position. The anus varies considerably in its ])osition, being 
usually situated within the apical disc, and surrounded by 
the genital and ocular plates, when the test is said to be 
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“regular.” Sometimes, however, the anal aperture is with- 
out the apical disc, and is removed to some distance from 
the genital plates, when the test is said to be “irregular.” 
In this last case, the anus, instead of being apical, is marginal 
or submarginal. The convolutions of the alimentary canal 
are attached to the interior of the test by a delicate mesentery ; 
the surface of which, as well as that of the lining-membrane 
of the shell, is richly ciliated, and subserves the purposes of 
respiration. 

The proper blood-vascular system (fig. 96 A, b) consists of 
a central fusiform, contractile vesicle, or heart. This gives off 
one vessel which forms a ring round the intestine near the 
anus, and another which passes downwards, and forms a circle 
round the gullet, above the “ circular canal ” of the ambulacral 
system. From the anal vessel proceed five arterial branches, 
which run along the ambulacral spaces, and return their blood 
by five branches, which run alongside of them in an opposite 
direction. This system of vessels is not always present, and 
its true nature is doubtful. High authorities regard it as rather 
comparable to the “ pseudohaemal ” system of the Annelides, 
than to the blood-system of the higher animals ; while eminent 
observers maintain that the so-called heart is really of a gland- 
ular nature. 

The nervous system consists of a ganglionated circular cord, 
which surrounds the gullet below, or superficial to, the “ cir- 
cular canal ” of the ambulacral system, and which sends five 
branches along the ambulacral spaces, in company with the 
radiating ambulacral canals. 

The process of respiration is carried on partly by arborescent 
gill-like organs placed round the mouth, which are of the 
nature of greatly developed tube-feet, and which are not uni- 
versally present ; partly by the tube-feet and their secondary 
vesicles in general ; and partly by the vascular lining of the 
test and the mesentery. The sea-water is admitted to the 
body-cavity principally through the “ madreporiform tubercle,” 
only a portion of the area of this being occupied by the stone- 
canal; though, as previously remarked, recent observations 
would go to show that this view is incorrect. 

The sexes are distinct in all the Echinoidca^ and the repro- 
ductive organs are in the form of five membranous sacs, which 
occupy the inter-ambulacral areas, and open on the exterior by 
rneans of the apertures in.the genital plates. In the “ irregular ” 
Echinoids (such as the “ Heart-urchins ”) there are only four 
genital glands, and therefore only four genital plates in the 
apical disc. 
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As regards their development, most of the Echinoids pass 
through a metamorphosis, as spoken of previously in treating 
of the development of the class. In these cases the larva is so 
unlike the adult animal that it was originally described as a 
distinct animal under the name of Fiuteus, from its resem- 
blance to a painter’s easel (fig. 92). The larva exhibits bila- 
teral symmetry, and is furnished with provisional organs in 
the shape of ciliated epaulettes, a skeleton of calcareous rods, 
and an alimentary canal. The adult Echinoid is developed 
out of a portion of its substance only; and the rest of the 
larva is absorbed or thrown off. In some Echinoids, on the 
other hand, as we have seen, the process of development is 
direct, and there is no “ Pluteus ** stage, but the young animal 
is produced viviparously, and simply requires to grow to be 
converted into the adult. 

The typical Sea-urchins are divided into the two great groups 
of the Irregular ” and Regular ” Pxhinoids (or the Echinoi- 
dea exocyclica and Echinoidea endocydica). The Irregular Echin- 
oids have the anus situated outside the apical disc, marginal 
or submarginal in position, and have only four genital plates. 
They are also mostly destitute of a masticatory apparatus ; and 
are generally of an oblong, pentagonal, heart-shaped, or dis- 
coidal figure (as in the common “ Heart-urchins ” and “ Cake- 
urchins”). The ‘‘Regular” Echinoids, on the other hand, 
have the anus placed at the summit of the test, surrounded by 
the genital disc; the test is almost always circular or sphe- 
roidal ; and the mouth is armed with a complicated mastica- 
tory apparatus. 

Another singular group is that of the Echmotliuridic^ in which 
the test is regular,” but the plates of both the ambulacral and 
inter-ambulacral areas are imbricated and overlap one another, 
rendering the test quite flexible. The existing genera, Asthe- 
nosoma (or Calveria) and Phormosoma, and the Cretaceous 
genus Echinothuria belong to this group. 

A fourth group of the Echinoids is that of the Perischocchi- 
nidoBy which is not only extinct, but is wholly confined to the 
Paloeozoic period. In all these ancient forms there is the pecu- 
liarity that the test consists of more than twenty rotvs of plates^ 
there being a multiplication of either the inter-ambulacral or 
the ambulacral plates, though there are still only five inter- 
ambulacral and five ambulacral areas. Thus in Archaociaaris, 
Palcechinus^ Lepidechinus^ and EocidariSy the ambulacral areas 
agree with those of the recent Urchins in being composed of 
only two rows of plates ; whilst there are from three to eight 
or more rows of plates in each inter-ambulacral area. On 
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the other hand, in Melonites and Oligoporus^ the ambulacral 
areas consist, respectively, of ten and four rows of plates. In 
some of the Perischoechinidce the plates of the test are joined 
by their edges, as in the common living Urchins ; but in others 
(e. Lepidechinus) the plates overlap in an imbricating man- 
ner, as in the recent Echinothuridce^ and the test thus becomes 
flexible. 


CHAPTER XIX. 

ASTEROIDEA AND OPHIUROIDEA. 

Order Asteroidea (Stdlerida ), — This order comprises the 
ordinary Star-fishes, and is defined by the following characters: 



Fig. 97. —The common Star-fish {U raster rubens)^ natural size, viewed from above. 

— The body (fig. 97) U star-shaped or pentagonal^ and consists 
of a central body or “ disef surrounded by five or more lobes or 
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arms y' which radiate from the body, are holIoiVy and contain 
prolongations of the viscera. The body is not enclosed in an 
immovable box, as in the Echinoideay but the integument peri- 
some^') is coriaceouSy and is strengthened by irregular calcareous 
plateSy or studded by calcareous spmes. No dental apparatus is 
present. The mouth is inferior y and central in position ; the anus 
either absent or dorsal. The ambulacral tube feet are protruded 
from grooves on the under surface of the rays. The lan^a is 
vermifornty and has no pseudembryonic skeleton. 

The skeleton of the Asteroidea is composed of a vast number 
of small calcareous plates, or ossicula, united together by the 
coriaceous perisome, so as to form a species of chain-armour. 
Besides these, the integument is abundantly supplied with 
spines, tubercles, and “ pedicellarice.’* Lastly, the radiating 
ambulacral vessels run underneath a species of internal skele- 
ton, occupying the axis of each arm, and composed of a great 
number of bilateral “vertebral ossicles’^ or calcareous plates, 
which are movably articulated to one another, and are provided 
with special muscles by which they can be brought together or 
drawn apart. The upper surface of a star-fish corres[)onds 
to the combined inter-ambulacral areas of an EchinuSy and 
exhibits the aperture of the anus (when present), and the 
“ madreporiform tubercle,” which is situated near the angle 
between two rays. The inferior or ventral surface corresponds 
to the ambulacral areas of an EchinuSy and exhibits the mouth 
and ambulacral grooves. 

The mouth is central in position, and is not provided with 
teeth ; it leads, by a short gullet, into a large stomach, from 
which a pair of sacculated diverticula are prolonged into each 
ray. A distinct intestine and anus may, or may not, be j)res- 
ent ; but the anus is sometimes wanting (in the genera, Astro- 
pectefiy Ctenodiscusy and Luidia). 

The ambulacral system is essentially the same as in the 
Echinoidea, and is connected with the exterior by means of the 
“madreporiform tubercle,” or “nucleus,” two, three, or more 
of these being occasionally present. The conical or cylindrical 
ambulacral tube-feet are arranged in two or four rows, along 
grooves in the under surface of the anns (fig. 98). Each am- 
bulacral groove is continued along the lower surface of one 
of the arms, tapering gradually towards the extremity of the 
latter. The floor of each groove is constituted by a double 
row of minute calcareous pieces — the “ambulacral ossicles” 
— which are movably articulated to one another at their inner 
ends. At the bottom of each groove is lodged one of the 
radiating canals of the water- vascular system or ambulacral 
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system, from which are given off the rows of suctorial feet, or 
“ tube-feet/' 

It follows from this that the radiating vessels of the ambiilacral system 
are outside the chain of ambiilacral ossicles, so that these latter are to be 
regarded as an internal skeleton, and they do not correspond with any part 
of the skeleton of Echinoids * — at least they do not correspond with the 
perforated ambulacral plates of the 
Sea-urchins. The ambulacral ossi- 
cles, however, of the Star-fishes are 
of such a form that by their appiosi- 
tion an aperture or pore is formed 
lietween each pair. Hy means of 
these pores (fig. 98, a) the tube-feel 
communicate with a series of little 
bladders or “ampullre,'’ placed above 
the chain of ossicles. These per- 
forations, however, do notcorresjiond 
with the perforated plates of the 
Echinoid test, and the tube-feet of 
the Star-fishes pass through no “ por- 
iferous ” jilates on their way to the 
exterior. 

This may be rendered more intel- 
ligible by examining’ a .section of the 
arm of a Star-fish from which the 
soft parts have been removed (fig. 

99). In such a .section the ambu- 
lacral ossicles ((/ a) are seen in the 
centre of the lower surface, united 
along the middle line by their inner extremities. They are so placed 
as to form a kind of elongated pent-house, and immediately beneath the 
line where the ossicles of one side are articulated with those of the other 
side is placed the ambulacral vessel (/d. Superficial to this, again, is a 
nerve-cord ; so that the whole chain of ambulacral ossicles is placed in 
the midst of the soft parts of the animal, and is thus clearly an internal 
skeleton. At their outer extremities the ambulacral ossicles are articulated 
by the intervention of the “ adambulacral plates’’ (fig. 9S, b\ with plates 
belonging to the external or integumentary skeleton. As before .said, 
the shape of the ambulacral ossicles is such that a pore is formed by 
the apposition of each pair ; and by these anertures each tube-foot com- 
municates with a vesicle placed internal to the chain of ossicles. It will 
l)e seen, however, that the tube-feel (indicated by the dotted lines in the 
figure) do not pass through lhe.se ajiertures, or through any other pores of 
the skeleton, on their way to the surface. The “poriferous zones" of the 
Sea-urchins are part of the external skeleton, and arc not rej^resenied in 
the Star-fishes. On the other hand, the integumentary skeleton in the 
Star-fishes is absent along the ambulacral areas, or along the areas occupied 
by the ambulacral grooves. 

The circulatory system of the Asteroids is represented by a 
group of vessels communicating ventrally with an oral ring 

* The structures in the Echinus^ which are truly homologous with the 
ambulacral ossicles of the Asteroidea and Ophiuroidea^ are the so-called 
“ auricula:.’* 



Fig. 98. — Diagram of a Star-fish {Goniaster)^ 
showing the under .surface, with the mouth 
and ambulacral grooves, a Ambulacral os- 
siclc.s, with the ambulacral pores between 
tliem ; b Adambulacral plates, bounding the 
antbulacral grooves ; tn Marginal plates, 
(wanting in many .species) ; o Oral plates, 
placed at the angles of the mouth. 
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and dorsally with an anal plexus, from which branches are dis- 
tributed to the genital glands. There are no distinct respira- 
tory organs, but the surfaces of the viscera are abundantly 



Fig. 99- — Section of the ray of Uraster nthens, a a Amhulacral ossicles: b Po.sition 
of the atnbulacral ve.ssel ; c c Plates of the external skeleton; n Nerve-cord. 'I'he 
dotted lines show the tube-feet proceeding from the ambulacra! vessel. 

supplied with cilia, and doubtless subserve respiration ; the 
sea-water being freely admitted into the general body-cavity 
by means of numerous contractile ciliated tubes, which project 
from the dorsal surface of the body. 

The nervous system consists of a gangliated cord, surround- 
ing the mouth and sending filaments to each of the rays. At 
the extremity of each ray is a pigment-spot, corresponding to 
one of the ocelli of an Echinus^ and, like it, supposed to be a 
rudimentary organ of vision. The eyes are often surrounded 
by circles of movable spines, called “ eyelids.” 

The generative organs are in the form of ramified tubes, 
arranged in pairs in each ray, and emitting their products 
into the surrounding medium by mean.s of efferent ducts which 
open round the mouth. In their development, the Astcroiilca 
show the same general phenomena as are characteristic of the 
class ; but the larvae are not provided with any continuous 
endoskeleton. In some Asteroids the larval forms have side- 
lappets, and have been described under the name of Bipin- 
narice; and in these, as in the Plnteus of the Echinoids, a large 
portion of the larva is cast off as useless. In Bipbinaria 
asterigera (Sars) the digestive cavity is a simple sac which 
sends no prolongations into the rays, and the mouth is inter- 
radial, instead of being placed in the centre of the ambulacral 
system. The mouth of the adult is at this stage closed by the 
soft external skin of the larva. In other Asteroids the larvae 
have three anterior vermiform processes, and are known as 
Brachiolaria. 

The general shape of the body varies a good deal in different 
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members of the order. In the common Star-fish (Uraster 
rtibcns) the disc is small, and is furnished with long, finger like 
rays, usually five in number (fig. 97). In the Cribell(z the 
general shape of the body is very much the same. In the 
So/asters the disc is large and well marked, and the rays are 
from twelve to fifteen in number, and are narrow and short 
(about half the length of the diameter of the body). In the 
Goniasters (fig. 98) the body is in the form of a pentagonal 
disc, flattened on both sides ; the true “ disc ” and rays being 
only visible on the under surface of the body. In the singular 
genus Brisinga, we have in some respects a transitional form 
between the Asteroids and Ophiiiroids, the arms being much 
longer and more slender than is the case in the typical Aster- 
oids, at the same time that they are much thicker and softer 
than is the case amongst the latter. In none of the true Star- 
fishes, however, are the arms ever sharply separated from the 
disc, as in the Ophiuroidca^ but they are always an immediate 
continuation of it. 

The principal groups of AsUroiWea are the following : — 

Family i. AstcriadiC or Asterocanthiidic . — Four row's of ambulacral 
feet. 

Fam. 2. Astropectinidir, — Tw'o rows of ambulacral feet ; back fiattish, 
netted with tubercles, which carry radiating spines at the tip 
(“paxilhe*’). 

Fam, 3. OrcastridiC . — Two rows of ambulacral feet ; skin granular, 
pierced by minute pores. 

Fam. 4. Astcriuidic , — Two row’s of ambulacral feet ; body discoidal 
or pyramidal, sharp-edged ; skeleton of imbricate plates ; dorsal 
wart single, rarely double. 

Fam. 5. Brisingidu-. — Arms long and rounded, sharply marked ofT 
from the disc. Ambulacral grooves not reaching the mouth ; two 
row’s of ambulacral feet. 

Ordkr Ophiuroidea . — Body stellate,^ consisting of a central 
disef in which the viscera are contained., and of elongated 
^^armsf which are sharply separated from the disc., sol id ^ not 
containing prolongations of the viscera,, and not furnished inferi- 
orly with ambulacral grooves, Lan^a generally pluieiform^ with 
a skeleton. 

This order comprises the small but familiar group of the 
“Brittle-stars” and Sand-stars,” often considered as belong- 
ing to the Asteroidea, to which they are nearly allied. The 
body in the Ophiuroidea (fig. 100) is discoidal, and is covered 
with granules, spines, or scales, but pedicellariae are wanting. 
From the body — which contains all the viscera — proceed long 
slender arms, which may be simple or branched, but which do 
not contain any prolongations from the stomach, nor have 
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their under surface excavated into ainbulacral grooves. The 
arms, in fact, are not simple prolongations of the body, as in 
the Astcroidca^ but are special appendages, superadded for 
locomotive and prehensile purposes. Each arm is enclosed 
by four rows of calcareous plates, one on the dorsal surface, 
one on the ventral surface, and two lateral. The lateral plates 
generally carry more or less well-developed spines. In the 
centre of each arm is a chain of quadrate ossicles, forming a 
central axis, and between this axis and the row of ventral plates 
is placed the ainbulacral vessel. Each ossicle of the central 
chain is composed of two symmetrical halves, but these are 
immovably articulated together, and are not movable upon one 
another, as in the Asteroidea, The mouth is situated in the 
centre of the inferior surface of the body, is provided with a 
masticatory apparatus, and is surrounded by tentacles. It 
opens directly into a sac-like ciliated stomach, which is not con- 
tinued into an intestine, the mouth serving as an anal aperture. 
The stomach is destitute of lateral diverticula. The repro- 
ductive organs are situated near the bases of the arms, and 
open by orifices on the ventral surface of the body or in the 
interbrachial areas."^ 

The ambulacral system is constructed upon the same plan 
as in the Echinoids and Asteroids ; but its place as a loco- 
motive apparatus is taken by the arms. The radial vessels 
of the ambulacral system are not provided with secondary 
vesicles or ‘‘ampullae,’’ as they are in the Echitwuica and 
Asteroidea, and the lateral “ feet ” which they give off have no 
terminal suckers. The madreporiform tubercle is placed on 
the inferior surface of the body, and is often partially concealed 
by one of the plates surrounding the mouth. 

Respiration is carried on by the lining of the body-cavity, 
and by a circlet of modified tube-feet or tentacles placed rouncl 
the mouth. 

The development of the Ophiuroids is sometimes direct, 
the young being brought forth alive, and, in some cases, being 
carried by the mother for some period after hatching (Wyville 
Thomson). More commonly there is a pluteiform embryo, 
which resembles that of the Echinoids in having a continuous 
endoskeleton.' 

In EiiryaU the body is in the form of a subglobose disc 
with five obtuse angles, and the arms are prehensile. In 
Asterophyiofiy the Medusa- head star, the arms are divided from 

♦ Spontaneous fission has been observed by Liitken and Kowalcwsky 
to take place in some Ophiuroids, as also occasionally in some of the 
Asteroids. 
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the base, first dichotomously, and then into many branches. 
Tn Ophiura, the Sand-star, the arms serve for reptation (creep- 



Fig. ioo.—Ophiuroidea. a Ophiura itwiuraia^ the common Sancl-^iar ; 
b Opkiocovia ncgU'Cta, the grey Brittle-star, (.\fter Forbes.) 


ing), and are undivided, often exceeding the diameter of the 
disc many times in length. 

The order Ophiuroidca may be divided into two families, as 
follows : — 

Family i. Enryaluiic. 

Arms branched ; genital fissures ten in number. 

Fam. 2. Ophiitridic. 

Arms simple ; genital fissures, mostly five in numlier. 

CHAPTER XX. 

CRINOIDEA, CYSTOIDEA, AND BLASTOIDEA. 

Order Crinoidea. — The members of this order are Echino- 
dermata, in which the body is fixed, during the whole or a portion 
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of 'the existence of the animal^ to the sea-bottom by means of a 
longer or shorter ^ jointed y and flexible stalk. The body is dis- 
tinct, composed of articulated calcareous plates, bursiform, or 
cup-shaped, and provided with slender arms, which are typi- 
cally five or ten in number, and are grooved on their upper 
surfaces for the ambulacra. (The position of the body being 
reversed, the upper surface is ventrcU ; whilst the dorsal surface 
is inferior y and gives origin to the pedicle.) The tubular 
processes, however, which are given off from the radiating 
ambulacral canals of the Crinoideay unlike those of the Echi- 
noidea and Asteroideay are not used in locomotion, but have 
probably a respiratory function. The mouth is central, and 
looks upwards, an anal aperture being sometimes present 
sometimes absent. The ovaries are situated beneath the 
skin in the grooves on the ventral surfiice of the arms or 
pinnules, as are also the ambulacral or respiratory tubes. The 
arms are furnished with numerous lateral branches or “pin- 
nulae.’* The embryo is ‘‘free and ciliated, and develops within 
itself a second larval form, which becomes fixed by a ped- 
uncle’’ (Huxley). 

If we take such a living Crinoid as Rhizocrinns (fig. loi), 
we shall be able to arrive at a comprehension of the leading 
characters of this order. Rhizocrinus is one of those Crinoids 
which is permanently rooted to some foreign object by the 
base of a stalk which is composed of a number of calcareous 
pieces or articulations. In some cases (as in Apiocrinus) the 
base of the stem or “ column ” is considerably expanded. In 
other cases the column is simply “ rooted by a whorl of ter- 
minal cirri in soft mud ” (W}wille Thomson). The joints of 
the column are movably articulated to one another, the joint- 
surfaces often having a very elaborate structure, so that the 
entire stem possesses in the living state a greater or lesser 
amount of flexibility. Each joint is perforated centrally by a 
canal, which by the old writers was very inappropriately termed 
the “alimentary canal,” but which in truth has nothing to do 
with the digestive system of the animal. At the summit of the 
stem is placed the body, which is termed the “ calyx,*' and which 
is usually more or less cup-shaped, pyriform, bursiform, or dis- 
coidal. The calyx exhibits two surfaces, a dorsal and a ventral, 
of which the dorsal is composed, wholly or in part, of calcareous 
plates articulated by their margins, whilst the former is com- 
posed of a more or less leathery integument, strengthened by 
the deposition in it of numerous small plates of carbonate of 
lime. The ventral surface exhibits the aperture of the mouth, 
which may be subcentral or may be very excentric, and which 
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in many extinct forms is wholly concealed from view. The 
ventral surface also exhibits the aperture of the anus, which is 
usually placed excentrically in one of the spaces between the 
arms, and which is often 


carried at the end of a longer 
or shorter tubular eminence 
or process, which is called 
the “ proboscis.” Owing to 
the animal being supported 
on a stalk, it is evident that 
the “ ventral ” surface is 
turned upwards, and the 
‘‘ dorsal ” surface down- 
wards. The column springs 
from the centre of the dorsal 
surface ; and a stalked Cri- 
noid may therefore be com- 
pared to a Star-fish turned 
upside down, with its lower 
or ambulacral surface supe- 
rior, and its dorsal surface 
looking downwards. The 
calyx contains the digestive 
canal, and the central por- 
tions of the nervous and 
water- vascular (ambulacral) 
system ; but it does not con- 
tain the reproductive organs, 
as is the case with the vis- 
ceral cavity of the other 
Echinoderms, 

From the margins of the 
calyx, where the dorsal and 
ventral surfaces join one an- 
other, arises a series of longer 
or shorter flexible processes, 
which are composed of a 
great number of small cal- 
careous articulations, and 
which are termed the “arms” 



Fig. 101.— Crinoidea. R/iizocnttus Lo/otcnsis^ 
a living Crinoid (after Wyville Thomson), 
four times the natural size, a Stem ; b Calyx ; 
c c Arms. 


(fig. 102). The jpms are usually primarily five in number, but 
they generally divide almost immediately into t\vo branches, 
each of which may again subdivide ; the branches thus pro- 
duced perhaps again dividing, until a crown of delicate grace- 
ful filaments is formed. The arms carry smaller lateral 


O 
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branches or ‘‘ pinnulae ” on both sides ; and they contain the 
so-called “coeliac** and “ siibtentacular ” canals, these being 
tubular extensions of the cavity of the body. The upper 
surface of the arms and pinnulae is covered with a soft mem- 



Fig. 102.— Portion of an 
arm of Platycrinus, 
showinj^ the lateral pin- 
nulaj. 


brane, and below this are placed the re- 
productive organs. The generative organs 
are therefore not placed within the calyx, 
and it follows of necessity that there is no 
generative opening or “ovarian aperture” 
in the walls of the calyx. The ventral sur- 
firccs of the arms and pinnulne are furnished 
with grooves, which in the living species are 
seen to be covered with vibratile cilia. The 
brachial grooves coalesce till they constitute 
five primary grooves, which are continued 
from the bases of the arms to the mouth. 
The action of the cilia gives rise to a con 
stant current of sea-water, bearing organic 
matter in suspension ; and this current pro- 
ceeds from the brachial grooves to the 
mouth. In this way the animal obtains its 
food. As the bases of the arms are sepa- 
rated from the mouth by an intervening 
space, it follows that the brachial grooves 


are continued over the ventral surface of 


the calyx, till they reach the oral opening. 

There is no doubt that it is by the above arrangement that 
the living Crinoids obtain their food, and the mechanism seems 
to have been essentially the same in many extinct species. In 
the Palaeozoic Crinoids, however, there seems to have been a 
modification of this arrangement. In these forms, the arms 
have much the structure of those of the recent Crinoids, and 
are deeply grooved on their ventral surfaces. The ventral sur- 
face of the calyx, however, exhibits no central aperture, but 
only a proboscidiform tube, which arises from one of the in- 
ter-radial spaces (/. one of the intervals between two of the 
arms). This tube is almost certainly anal, but good observers 
regard it as' discharging the functions of both mouth and anus. 
However this may be, the brachial grooves are certainly not 
continued over the ventral surface of the calyx, but stop short 
at the bases of the arms. Hence they are continued as covered 
passages or tunnels to a central point in the ventral surface of 
the disc. Here is placed the mouth, concealed by the cal- 
careous plates of the peri.some. 

The dorsal surface of the “ calyx ” of the Crinoidea is com- 
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posed of a number of calcareous plates, accurately fitted to- 
gether, and having the following general arrangement (fig. 104). 
Resting directly upon the summit of the highest joint of the 



-PLiiycrinus iricontadacty/Hs. Carboniferous. I'he left-hand figure shows 
the calyx, arms, and upper part of the stem ; and the figure next this shows the sur- 
face of one of the joints of the column. The right-hand figure shows the prolx>scis. 


column is a series of plates, generally three or five in number, 
which from their position are termed the “ basals” (fig. 104, b). 
Succeeding to the basals, and alternating with them, there is 
commonly found a second cycle of polygonal plates, which are 
generally termed the ‘‘ parabasals” (fig. 104,/), and which in 
many forms are never developed.* Succeeding to the para- 
basals (or, in the absence of these, to the basals) are two or 
three cycles of plates, whicli are directly superimposed upon one 
another in longitudinal rows, and which form the foundations 
of the arms. These are known as the “radials’* (fig. 104, r), 
and are termed “primary radials,'* “secondary radials,” and 
“ tertiary radials,” according to their distance from the basals. 
The last radial plate.s, or those furthest from the column, give 

* According to the high authority of Mr P. H. Carpenter, when there is 
only one cycle of plates between the top column-joint and the primary 
radials, it is the so-called “ba.sals’* (or “under-basals”) which arc want- 
ing, and the cycle that is present consists of plates corresponding with the 
“ parabasals of such Crinoidsas have two irtferior cycles of calycine plates. 
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origin to the plates of the arms. The radial plates are ar- 
ranged in a series of vertical columns, which radiate from the 
summit of the basals to the bases of the arms. Between the 



Fig. 104. — Diagram of the dissected calyx of RAodovrinus, viewed from below (after 
Schiiltze). l> Basals; / Parabasals; r First radials ; i Inter - radials ; a Anal 
plates. 

different columns of radial plates, however, there may be inter- 
calated certain other smaller plates, which, from their i)osition, 
are termed ** inter-radials ” (fig. 104, /) ; while one of the inter- 
radial spaces, corresponding with the anus, is usually much 
wider than the others, and is furnished with an additional series 
of calcareous pieces, which are termed “anal plates ”(^8* ^)- 

Of the living stalked Crinoids, the best known is the Pefita^ 
crinus caput - Medusa of the Caribbean Sea. Another West 
Indian form is the curious sessile Uolopus. More recently a 
stalked Crinoid has been discovered in the Atlantic and North 
Sea, and has been described under the name of Rhizocrinus 
Lofotensis (fig. loi). The chief interest of this form is the fact 
that it belongs to a group of the Crinoidea hitherto believed 
to be exclusively confined to the Mesozoic rocks — viz., the 
ApiocrinidcB or “ Pear-encrinites.” In fact, Rhizocrinus is very 
closely allied to the Cretaceous genus Bourgueticrinus, and it 
may even be doubted if it is generically separable from it. The 
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late remarkable researches into the life of the deeper parts of 
the ocean have brought to life several new Crinoids, which will 
doubtless, when fully investigated, still further fill up the in- 
terval between the living and extinct Crinoidea, Amongst 
these may be mentioned Pentacrinus Wyville-Thomsoni, Bathy- 
crinus gracilis^ and Hyocrinus Bethellianus. 

In the second type of the Crinoidea — represented in our seas 
by the forms which are commonly known as “ Feather-stars,” 
and which are grouped together under the general name of 
Comatula — the animal is not permanently fixed, but is only 
attached by a stalk when young. Taking the British Comatula 
(Antedon) rosacea as the type of this group, the larva, after 
various preliminary embryonic changes, appears as a small 
stalked Crinoid (fig. 105, b\ in which state it was described as 
a distinct species under the name of Pentacrinus Europceus, 



Jtig. 105. — Crinoidea. (.•!«/<•//<»//) nwmYrr, the Feather-star, a Free 

adult; b Fixed young. (After Forbes.) 


In its adult condition, however, the Comatula (fig. 105, d) is 
free, and consists of a pentagonal disc, which gives origin to 
ten slender arms, which are fringed with many marginal 
pinnulae. The mouth and anus are on the ventral surface of 
the disc, which in this case is again the inferior surface, since 
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the animal has the power of creeping about by means of its 
pinnated arms. Though capable of creeping, the animal more 
usually has recourse to swimming, the five left arms working 
as paddles simultaneously, and alternating in their action with 
the five right arms. The arms of Comatiila rosacea exhibit on their 
ventral surface a deep ‘‘ brachial groove,” the elevated margins 
of which are cut out into minute crescentic respiratory leaves, 
at the base of each of which is a group of three tentacles, con- 
nected with a cavity in the interior of the respiratory leaf, and 
communicating by a common trunk with the radiating ambu- 
lacral vessel. The floor of the brachial grooves is ciliated, and 
underneath each runs a radiating ambulacral vessel, together 
with a blood - vascular trunk, and a peculiar fibrillar sub- 
epithelial band,” which is supposed to be of a nervous nature. 
In some Comatulids (certain Actinometrce) there is the curious 
feature tliat some of the arms in some individuals may want 
the ventral grooves, tentacles, and nerves, while in other in- 
dividuals all the arms possess these structures. The dorsal 
surface of the calyx, again, carries a tuft of jointed filaments or 
cirri, by which the animal is enabled to moor itself temporarily 
to foreign objects. 

The animal feeds upon very minute organisms which are 
conveyed to the mouth by the action of the cilia lining the 
brachial grooves. The mouth in 6*. rosacea is sub-central, but 
in some Comatulids {Actinometra) it is quite excentric ; while 
the anus is usually supported on a tubular projection and 
situated on one side. According to the researches of Dr 
W. B. Carpenter, the nervous system of Comatida consists of a 
fibrillar sheath surrounding a central quinquelocular vascular 
organ, and giving off a series of radial branches which differ 
from the radial nerve-cords of the other Pxhinoderms in not 
running along the ventral surface of the arms, but in occupying 
a median canal in the centre of each arm. While the principal 
nerve-cords have this position, and have a motor function, it 
has also been shown that there exists, as before remarked, a 
fibrillar band below the epithelial lining of the ventral furrOw 
of each arm, and these bands are supposed to be of the nature 
of sensitive nerves. They spring from a circular band, which is 
placed round the gullet, above the ambulacral and blood-vas- 
cular rings. It has also been shown by modern researches, that 
there exists in Comatida a complicated blood-vascular system. 

As regards the vascular system of the Crinoids generally, there is found 
in Comatula^ occupying the dorso-ventral axis of the body, a largish lobated 
structure homologous with the Iieart of the Asteroids, and, like it, consist- 
ing of numerous closely-packed vessels. Dorsally, these resolve them- 
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selves into a central group (of one or more) and five peripheral vessels, the 
latter of which expand in the calyx into the five chambers of the “cham- 
bered organ/’ the chambers and axis alike giving branches to the dorsal 
cirri. In the pedunculate Crinoids in which there are no cirri, the 
chambers narrow again, and the group of vessels is continued down the 
central canal of the column. In Pentacrinus^ which has cirri at regular 
intervals, the five peripheral vessels expand in each cirrus-bearing joint into 
five dilatations, which thus give rise to a miniature “chambered organ,” 
each chamber of which gives off a single vessel to a cirrus. In the Ixxly, 
the vascular axis is connected with (i) a large network of vessels round the 
alimentary canal, (2) an extensive plexus beneath the ventral surface of the 
disc, in which vessels arise that run out into the arms and enclose the gen- 
ital glands, and (3) a plexus of convoluted lubes depending from the oral 
blood-vascular ring in which the radial vessels of the arms originate (P. II. 
Carpenter). 

The rqjroductive organs of Comatula are situated beneath 
the soft siin of the arms, and their ducts open into the pinnulse, 
by the rupture of the ventral integument 
of whick the generative elements are 
set free iito the surrounding water. 

As regaris the development of Comatula^ the 
larva is at first cylindrical, with four transverse 
bands of (ilia, a hinder tuft of cilia, and an 
alimentarycanal furnished with a Lateral aper- 
ture, its geieral aspect closely resembling that of 
the einbrycs of certain Annelides. The skele- 
ton of the (nlyx is developed anteriorly, that of 
the colunu posteriorly, the former being the 
first to appar. In its early condition (fig. 106) 
the calycim skeleton consists of a row of five 
“bas.al” ]*latcs, which rest below upon the 
so-called '* centro-dorsal plate,” and are suc- 
ceeded alove by a cycle of five “oral” plates, in 
the centrtof which the permanent mouth is fin- 
ally develped. Five “ radial ” plates are next 
developcdcis a cycle between the oral and basal 
plates ; arl to the radialsare rapidly added the 
j)lates of he arms proper (the “brachial” 
plates). Iferiorly, the centro-dorsal plate rests 
upon a shet, jointed column (fig. 106, r), the 
lowest plat of which is expanded to form a 
disc of attachment ; and the larva now passes 
into what is nown as its “ Pentacrinus stage.” 

In the furtln progress of growth the arms 
increase in legth, and the oral plates diminish 
in size and uVmatcly disappear. At the same 
time the cenb-dorsal plate increases in size, 
so as to enclot the radial plates, which in turn 
become fusec^ith one another, and remain 
only as the sccalled “rosette” on the upper 
surface of the:entro-dorsal. The latter also 
develops jointc cirri from its outer surface, and 
finally become detached from the next joint of the Column below, when 
the animal entt upon its free stage of life. 
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Numerous living forms of Comatula are known, and have 
been described under various subordinate types {Antedou^ 
Actinomeira^ Comastcr^ and Phanogenid ) ; and the group seems 
to be cosmopolitan in its distribution. 

Order Cystoidea. — Body generally spheroidal^ peduncidate 
or sessile, enclosed by calcareous articulated plates, some of which 
are usually porotts and are connected with respiration, and perhaps 
with reproduction also. Arms rudimentary, mostly fed need to the 
pinnulce only. Reproductive organs contained withhi the interior 
of the calyx. 

The members of this order are all extinct, and are entirely 
confined to the Palaeozoic period. The body (fig. 107) was, 



Fig. 107 . — Hemkosmites Pyri/ormht one of the Cysiideans. The right-hind figure 
showb the upper surface of the calyx. 

typically, more or less spherical, and was protected by an ex- 
ternal skeleton, composed of numerous polygonal calcareous 
plates accurately fitted together, and enclosing all theviscera 
of the animal. The body was in most cases pernanently 
attached to the sea-bottom by means of a jointed cacareous 
column,” or pedicle, but this was much shorter thn in the 
majority of Crinoids, and was rarely altogether absent Upon 
the upper surface of the body were two„ sometin^s three, 
apertures, the functions of which have been a mattr of con- 
siderable controversy. One of these is lateral in bsition, is 
defended by a series of small valvular plates, and j believed 
by some to be the mouth, whilst by others it is sserted to 
have been an ovarian aperture. The most prolible view, 
however, is that this valvular opening is really the bus. The 
second opening is central in position, and it is belied by Mr 
Billings to be the ambiilacral orifice,” as it is ayays in the 
centre of the arms when the.se are present. Thethird aper- 
ture is only occasionally present, and its true factions are 
doubtful. 
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In some Cystoidea there were no arms, properly speaking, 
but only small pinnulae. In a second section two arras were 
present, but these were bent backwards, and were immovably 
soldered down to the body. In one single species {Comaro- 
cystites punctatus^ Billings), the development has gone further, 
the arms being free, and provided with lateral pinnulae, as in 
the true Crinoids, 

Many Cystideans are likewise provided with a system of 
pores or fissures, penetrating the plates of the body, and usu- 
ally arranged in definite groups. These groups are termed 
“ pectinated rhombs,” but their exact function is doubtful. By 
Mr Billings, however, they are believed, and apparently with 
good reason, to have admitted water to the body-cavity, and 
to have thereby subserved a respiratory function ; though the 
recent researches of Ludwig on the genital glands of the 
Ophiuroids would render it not improbable that they were 
also connected with the function of reproduction. 

Order Blastoidea. — Body enclosed in an annour of closely 
fitting calcareous plates^ attached to some foreign body by a slender 
stem. From the summit of the calyx radiate five transversely 
striated and longitudinally grooved areas ^ which carry a row of 
jointed pinnulce on each side. 

The members of this order, like those of the preceding, are 
all extinct, and are entirely confined to the Palaeozoic period. 
The body (fig. 108, a) was fixed to the bottom of the sea by 



Pig. 108. “Morphology of Blastoidea. a Pentretnites ^yH/ornits, viewed sideways, 
snowing a portion of the column ; b Summit of the calyx of Pentreittitfs cettnnus^ 
showing the pseud'ambulacral areas and the apical apertures ; c Side view of Grana- 
ttyrtnus fncionouics ; d Summit of Granatocrinm neglectHS, (Figs, a and h are 
of the natural size; c and d are slightly enlarged.) After Hall, and Meek and 
Worthen. 

means of a short, jointed pedicle ; it w'as globular or oval in 
shape, and composed of solid polygonal calcareous plates, 
firmly united together, and arranged in five inter-ambulacral 
and as many ambulacral areas. (These ambulacral areas are 
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termed by M‘Coy ‘‘pseud-ambulacra,” upon the belief that 
they were not pierced for tube-feet, but that they carried a 
double row of little jointed tentacles or arms.) The pseud- 
ambulacra are petaloid in shape, having a deep furrow down 
the centre, and striated transversely. They converge to the 
summit of the calyx (fig. io8, b), and each appears to have 
carried a row of small jointed “pinnuloe” upon each side. 
The five pseud-ambulacra, radiating from the summit of the 
calyx, give the upper surface of the body somewhat the ap- 
pearance of a flower-bud \ hence the name applied to the order 
(Gr. blastos^ a bud ; eidos^ form). Upon the whole, it would 
seem most probable that the pseud-ambulacra of the Pentre- 
inites represent the at‘ms of the Crinoids, anchylosed with the 
calyx, and that the longitudinal furrows of the pseud-ambulacra 
represent the “brachial grooves” of the Crinoids; but they 
are peculiar in the fact they are perforated by the apertures of 
a number of respiratory tubes. 

At the summit of the calyx are six apertures, of which one 
is the mouth, four are ovarian, and the sixth is probably partly 
ovarian and partly anal. 

The Blastoidea are known more familiarly under the name 
of Pent ran ties ^ and they occur most commonly in the Carbon- 
iferous rocks. 


CHAPTER XXL 
HOLD THU RO IDE A, 

Order Holothuroidea. — Vcriniform or slug -like Echino- 
derms, ndt/i a leatha:y skin, in 7vhich calcareous granules and 
spicules are generally daceloped. Mouth surrounded by a circlet 
of tentacles. Sexes mostly distinct. Larva vermiform^ without 
a skeleton. 

The members of this order are commonly known by the 
name of “sea-cucumbers,” “trepangs,” or “ bc^ches-de-mer,” 
and are the most highly organised of all the Echinodermata. 
The body is elongated and vermiform, or rarely slug-shaped, 
and is not provided with a distinct test, but is enclosed in a 
coriaceous skin, generally, but not always, containing calcare- 
ous deposits in the form of scattered granules or spicules, or 
even imbricated scales. The ambulacral tube - feet, when 
present, are typically disposed in five rows, which divide the 
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body into an equal number of longitudinal segments or lobes. 
The mouth is surrounded by a circlet of feathery tentacles, con- 
taining prolongations from the central ring of the water-vascu- 
lar system ; and an anus is situated at the opposite extremity 
of the body. There is a long, convoluted intestine. A special 
respiratory, or water-vascular, system is often developed, in the 
form of a system of arborescent tubes, which admit water from 
the exterior. The larva is vermiform, and has no skeleton. 
At a certain period of their existence, the young Holothurians 
are barrel-shaped, with transverse rings of cilia (fig. 109, c). 



Fig. ux;.— Holoihuroulea. n Holothuritx tubuUisa, one of ihe Sea-cucumbcrs 
b and c Young stages of llic same. 

They rotate rapidly on their long axis, and have at this stage 
been described as a distinct genus under the name of At 4 ri~ 
cularia. 

In the typical Holothurians, locomotion is chiefly effected 
by means of rows of ambulacral tube-feet, or by alternate ex- 
tension and contraction of the worm-like body ; but in the 
SynaptidiB, in which there are no ambulacra, and only the 
central circular canal of the ambulacral system is present, the 
animal moves by means of variously shaped spicula, which are 
scattered in the integument. When developed, the ambulacral 
system consists of a ‘‘circular canal,'’ surrounding the mouth, 
bearing one or more “ Polian vesicles,” and giving ofi' branches 
to the tentacula; and of five “radiating canals” which run 
down the interspaces between the great longitudinal muscles. 
These radiating canals give off the tube-feet and their second- 
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ary vesicles, just as in the Echinus. In the typical forms there 
are five rows of tube-feet, but these organs may be scattered 
over the whole body, or may be restricted to the ventral sur- 
face. There is also a “sand-canar* which arises from the 
circular canal, and is terminated by a madreporiform tubercle ; 
but this, instead of opening on the exterior, hangs down freely 
in the perivisceral cavity. The fluid, therefore, with which 
the ambulacral system is filled, is derived from the perivisceral 
cavity, and not from the exterior, as is usually the case. 

The mouth is toothless, is situated anteriorly, and is sur- 
rounded by a beautiful fringe of branched, retractile tentacles 
(fig. no), which arise from a ring of calcareous plates, and into 

which are sent prolongations from 
the circumoral ring of the ambu- 
lacral system. These tentacles, ten 
to twenty in number, are really mo- 
dified tube-feet, and probably serve 
in part as respiratory organs. The 
mouth opens into a pharynx, which 
conducts to a stomach. The intes- 
tine is long and convoluted, and usu- 
ally opens into a terminal dilatation, 
termed the “cloaca,” which serves 
both as an anus and as an aperture 
for the admission of sea-water to the 
respiratory tubes. From the cloaca 
arise, in many forms, two branched 
and arborescent tubes, the termina- 
tions of which are caecal. These 
run up towards the anterior extrem- 
ity of the body, and together consti- 
tute the so called “ respiratory tree.” 
They are highly contractile, and they 
perform the function of respiratory 
organs, sea-water being admitted to 
them from the cloaca. The vascular 
system consists of two main vessels 
no . — Peniacta/rondosa,’Ct\.o'M- One dorsal, aiid the Other ventral 

ing the crown of lathery tenta- — COUnCCted with a cirCUm-OCSOpha- 

clcs round the mouth and the , . i . . 

rows of tube-feet. gcal ring. Development IS in a fcw 

instances direct ; but in most cases 
there is a metamorphosis, the larva being vermiform, and devoid 
of a skeleton. The nervous system consists of a cord, surround- 
ing the gullet, and giving off five branches which run alongside 
of the radiating ambulacral canals. The sexes are generally, 
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but not universally, distinct. The generative organs are in the 
form of long, ramified, caecal tubes, which open externally by 
a common aperture, situated near the mouth. There is thus no 
trace of that radial symmetry which is observed in the arrange- 
ment of the reproductive organs in the other orders of the 
Echinodermata, 

The skin in the Holothurians is highly contractile, and the 
body is provided with powerful longitudinal and circular 
muscles, in compensation for the absence of any rigid integu- 
mentary skeleton. Many of the Sea-cucumbers, in fact, are 
endowed with such high contractility that they can eject their 
internal organs entirely, if injured or alarmed. 

In the family of the SynaptidcR there is no respiratory tree, 
and the ambulacral tube-feet are wanting ; whilst the skin is 
furnished with calcareous spic- 
ules of various shapes. The 
Synaptte themselves burrow in the 
mud or sand, and have the skin 
furnished with innumerable an- 
chor-shaped spicules (fig. in) 
attached to special “ anchor- 
plates in the integument. They 
often form a kind of protective m. -Anchor-shaped smcules of 

^ , - . * . j and the plates to which these 

case or tube of sand-grains; and are attached. Magnified greatly, 
they obtain their food by swal- 
lowing the mud, from which they extract any disseminated 
nutrient particles. In Chirodota the skin is provided with mi- 
croscopic calcareous wheels, in the place of anchors. In the 
Oncinolabidce, the skin ha.s barbed spicules, and there is no 
respiratory tree; but these forms differ from the Synaptidee 
proper in possessing tube-feet. 

The order Holothuroidca is divided into the two following 
sub-orders : — 



Suh’Order i. Apneumona, 

No respiratory tree. The ambulacral tube-feet wanting {Synaptidd)y 
or present (Oucimdabidic). 

Suh‘Order 2. Pfieitmonophora, 

A respiratory tree. (Ex. Holothunay ThyonCy Molpadia^ Psolusy Ci4‘ 
cumaritty &c.) 
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CHAPTER XXII 

DISTRIBUTION OF ECHINODERMATA IN 
SPACE AND TIME. 

Distribution of Pxhinodermata in Space. — The Crinoidea 
are represented by comparatively few forms in recent seas, and 
these have mostly a very local distribution. More than one 
hundred and fifty species of Comatiila (in the wide sense) are 
known, ranging from 82® N. lat. to Kerguelen’s Land, but most 
abundant in the tropics. Holopus is a West Indian form, and 
the species of Pcntacrinus are principally West Indian also. 
Rhizocriniis Lofotensis occurs in the North Atlantic, and another 
species of this genus is found in the Gulf of Mexico. Lastly, 
the species of Bathycrinus and Hyocrinus are found at great 
depths in the Atlantic and Pacific. 

The Asteroideiiy Ophiiiroidea^ and Echinoidea are rej^resented 
in almost all seas, whether in tropical or temperate zones, ex- 
tending their range even into high northern and southern lati- 
tudes. They have also a wide bathymetrical range, extending 
from between tide-marks to almost the greatest depths which 
have yet been explored by the dredge. Some of the Sea- 
urchins (such as Toxopneiistcs lividus) have the peculiar habit 
of hollowing out cavities for themselves in the solid rock, in 
which they spend their existence. The Holothuroidca enjoy 
a nearly world-wide distribution ; but they have their metro- 
polis in the Pacific Ocean, occurring abundantly on the coral- 
reefs of the Polynesian Archipelago. One species (I/olothuria 
argus) is collected in large numbers, and is exported to China, 
where it is regarded as a great delicacy. 

Distribution of Echinodermata in 1’ime. — Numerous 
remains of Echinodermata occur in most sedimentary rocks, 
beginning with the Upper Cambrian rocks, and extending u[) 
to the recent period. The two orders Cystoidea and Blastoidcdy 
which are the most lowly organised of the entire class, are 
exclusively Palaeozoic \ and the Crinoidea are mostly referable 
to the same epoch. The more highly organised Asteroidea 
and Ophiuroidea commenced to be represented in the Silurian 
period ; but the Echinoidea^ with few exceptions, have no rejj- 
resentatives earlier than the Carboniferous rocks. The fol- 
lowing exhibits the geological distribution of the different oi^lers 
of the Echinodermata in somewhat greater detail : — 

I. Crinoidea. — The pedunculate Crinoidea attained their 
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maximum in the Palaeozoic period, from which time they have 
gradually diminished down to the present day. On the other 
hand, the free Crinoids are comparatively modern, and seem 
to have reached their maximum at the present day. As has 
already been described, the Palaeozoic Crinoidea differ in some 
important particulars from those which succeeded them. The 
order is well represented in the Silurian, Devonian, and Car- 
boniferous rocks, but especially in the latter; many Carbon- 
iferous limestones (crinoiiil limestones and entrochal marbles) 
being almost entirely made up of the columns and separate 
joints of Crinoids. In the Secondary rocks Crinoids are still 
abundant. In the Trias the beaLitiful ‘‘Stone-lily” {Enermus 
liliifonnis) is peculiar to its middle division (Muschelkalk). 
In the Jurassic period occur many species of Apiocfdnus (Pear- 
encrinite), Pentacrinus, and Exlmcriniis. The Chalk also 
abounds in Crinoids, amongst '.vhich is a remarkable unat- 
tached form (the Tortoisc-cncrinite or Marsupites). 

Of the non-pediculate Crinoidea, w'hich are a decided ad- 
vance upon the stalked forms, there are comparatively few 
traces ; but remains of forms (such as Saccosoma and Sola 7 w~ 
crinus) allied to the recent Comatuhe have been found in the 
Jurassic and Cretaceous deposits. 

2. JiLASTOiDEA. — The Biastoidca, or Pentremites, are entirely 
Palaeozoic, and attain their maximum in the Carboniferous 
rocks, some beds of which in America are known as the Pen- 
tremite limestone, from the abundance of these organisms. 
They are, however, also found in the Silurian and Devonian 
rocks. 

3. Cystoidea. — These, like the preceding, are entirely Palae- 
ozoic ; but they are, as far as is yet known, almost exclusively 
confined to the Upper Cambrian and Silurian rocks, being 
especially characteristic of the horizon of the Bala limestone. 
The last known forms of Cystideans occur in the I^evonian 
rocks. The oldest knowm Echinodernis are two extremely 
simple Cystideans {Trochocystites and Eocystites) which have 
been discovered in the primordial zone of North America. 

4. Asteroidea. — These have a very long range in time, 
extending from the Lower Silurian period up to the present 
day. In the Silurian rocks the genera Paheastcr, Sicnaster, 
Palceodiscus, and Petrastcr are among the more important, the 
greater number of forms being Upper Silurian. The next 
period in which Star -fishes more especially abound is the 
Oolitic (Mesozoic) ; the more important genera being U raster, 
Luidta, Astropecten, Plumastery and Goniastcr, some of ivhich 
have survived to the present day. Many Star-fishes occur, also. 
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in the Cretaceous rocks, the genera Oreaster^ Goniodiscus^ 
and Astrogonimn being among the more noticeable. In the 
Tertiary rocks few Star-fishes are known to occur, but 
Goniaster and Astropcctm are represented in the London Clay 
(Eocene). 

5. Ophiuroidea. — The “brittle-stars” are represented in 
the Silurian rocks by some anomalous genera, of which the 
best known is Protaster, In the Triassic, Oolitic, Cretaceous, 
and Tertiary rocks various genera of Ophiuroidea are known ; 
some being extinct, whilst others still survive at the present 
day. 

6. Echinoidea. — This order is represented in the Palieozoic 
rocks by a single aberrant fiimily ; but it is numerously repre- 
sented in the Mesozoic and Kainozoic periods. 

Of the Palreozoic Urchins or Perischocchinidie, the two most 
abundant genera are Arc/ueocidaris and Palcechinus^ both of 
which are principally Carboniferous, though the latter occurs 
in the Upper Silurian. Melonites and Otigoporus are exclusively 
Carboniferous ; and Lepidechinus and Eocidaris are principally 
so, though both commence their existence in the Devonian. 

The Secondary and Tertiary Echinoidea resemble those now 
living in being composed of not more than twenty rows of 
calcareous plates. The Oolitic and Cretaceous rocks are 
especially rich in forms belonging to this order, many genera 
being peculiar ; but the number of forms is too great to permit 
of any selection. 

It may be mentioned, however, that the singular genus 
Echiriothuria, with its flexible test, the jjredeccssor of the living 
Asthenosoma and Phonnosoma^ is found in the Chalk. 

7. Holothuroidea. — This order, comprising, as it docs, 
soft-bodied animals, has left but few traces of its existence in 
past time. The calcareous integumentary plates and spicules 
of Sea-cucumbers are, how'ever, by no means absolutely un- 
known in the fossil condition, ranging from the Carboniferous 
onwards. The shield of Psolus has also been detected in 
Post-tertiary deposits in Bute. 
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CHAPTER XXIII. 

I. General Characters of the Annulosa. 2. Divisions 
OF Annulosa. 3. General Characters of the Sco- 
LECiDA. 4. Characters of the T^eniada. 

Sub-kingdom Annulosa. — The Annulose animals are charac- 
terised by the possession of a body which is usually more or less 
elongated^ and is ahvays bilaterally symmetrical^ instead of being 
radially disposed. Very commonly the body is divided into similar 
(homonomous) segments^ which may be definite or indefinite^ and 
are arranged along an anteroposterior axis. Lateral appendages 
may be absent or present^ and when present^ are symmetrically 
disposed, A nervous system is present, and consists of one or two 
ganglia placed in the anterior part of the body, or ' of a ventrally- 
placed double gangliated chain. 

The association of the Scolecida with the normal Annulose 
animals renders necessary an exceedingly general, and there- 
fore correspondingly vague, definition of the sub -kingdom 
Annulosa, The sub-kingdom may, however, be divided into 
the following three primary sections, each of which admits of 
being characterised in a sufficiently definite manner : — 

I. Scolecida, — This division includes the parasitic worms 
{Entozoa), the Wheel-animalcules, and some allied forms, and 
is characterised by having an elongated or a flattened body, 
which may have an annulated integument, but which is not 
at all, or but imperfectly segmented. A water-vascular system 
is present, 4ut is not concerned with locomotion. There is no 
true blood-vascular system, and the nervous system consists 
of one or two cephalic ganglia, and never has the form of 
a gangliated ventral chain. Lateral appendages are almost 
universally wanting. 

The &olecida were formerly placed by Huxley along with 
the Echinodermata in a special sub-kingdom (Annuloida) ; and 
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no doubt can be entertained as to the reality of the relation- 
ships between these two groups of animals. On the other 
hand, many and close points of affinity unite the higher 
Scolecida with the Ringed Worms {Afinelida) \ and many syste- 
matists unite the Scolccida and Ajiarthropoda in a common 
sub-kingdom, to which they restrict the Linnean name of 
Vermes, 

II. Anarthropoda. — This division includes the Spoon 
Worms {Gephyrea\ the Ringed Worms {Annelida), and the 
Arrow Worms ( Chcetognatha), and is characterised by the fact 
that the body is composed of a number (often indefinite) of 
similar or nearly similar segments arranged longitudinally. A 
“ pseudo-htemal system of vessels is generally present. The 
nervous system is placed ventrally, and consists typically of 
a double chain of ganglia, united by longitudinal commis- 
sures, and forming an oesophageal collar. Cilia are generally 
developed. Lateral locomotive appendages are usually pres- 
ent, but are never jointed or articulated to the body. 

III. Arthropoda. — This division includes the Crustaceans, 
{Crustacea), the Spiders, Scorpions, &c. {Arachnida), the Cen- 
tipedes and their allies {Myriapoda), and the Insects {Insccia), 
The body (fig. 1 1 2) is composed of a series (usually definite) 

an 


Fig. 112.— Diagram of the amatomy of an insect. Antcnnx; e Eye; w Month; 
^Gullet; Salivarj' gland ; j Stomach Tubes .supposed to represent the kid- 
neys ; / Intestine ; c Chamber (cloaca) into which the intestine opens ; t' Vent ; 
k Heart ; n Nervous system ; I Ba.ses of the legs. 

of distinct rings or “ somites,” arranged along a longitudinal 
axis. A true blood-vascular system is normally present, and 
the heart is placed dorsally. The nervous system consists 
primitively of a double chain of ganglia, placed ventrally, and 
traversed anteriorly by the oesophagus. Limbs are almost 
always present, and are jointed and articulated to the body. 
The integument is more or less extensively hardened by the 
deposition in it of chitine, with or without salts of lime ; and 
ciliated epithelium is not developed. 
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The Scolecida. 

The name of Scolecida was proposed by Professor Huxley ^ 
for the reception of the Rotifera^ the Turhellaria^ the Trema^ 
today the Tceniaday the NematoideUy the Acanthocephalay and 
the Gordiacea. Of these the Rotifera stand alone; whilst 
the Turhellariay TrematodUy and Tceniada constitute the old 
division of the Platyelmia (Flat Worms); and the Nematoideay 
Acanthocephalay and Gordiacea make up the old Nematelmia 
(Round Worms or Thread- worms). For some purposes these 
old divisions are sufficiently convenient to be retained, though 
they are of little scientific value. The term Entozoa has ac- 
(juirecl such a general currency that it is necessarily employed 
occasionally, but it has been used in such widely different 
senses by different writers, that it would be almost better to 
discard it altogether. It certainly cannot be used as synony- 
mous with Scoleciday many of these not being parasitic at all. 
It will therefore be employed here, in a restricted sense, to 
designate those orders of the Scolecida which are internal 
parasites, comprising the Trematoday Tceniaddy Nematoidea (in 
part), Acajitlwcephalay and Gordiacea, The Turhellaria and 
Rotifemy with a section of the Nematoideay lead a free exist- 
ence, and are not parasitic within other animals. 

The Scolecida are defined by the possession of a “water- 
vascular system,” consisting of a “ remarkable set of vessels 
which communicate with the exterior by one or more apertures 
situated upon the surface of the body, and branch out, more or 
less extensively, into its substance” (Huxley). No proper vas- 
cular apparatus is present, and the nervous system (when pre- 
sent) “consists of one or two closely approximated ganglia.” 
The body is not segmented, or but imperfectly so, and lateral 
appendages are absent in all except certain of the Rotifers. 
The habits and mode of life of the different members of the 
Scolecida are so different, that no other character, save the 
above, can be predicated which would be common to the 
entire group, and would not be shared by some other allied 
division. The most important morphological feature by which 
the ^olecida are separated from the Anneliday is that they are 
destitute of the ventral gangliated nerve-chain which is so 
characteristic of the latter group. 

* More recently (* A Manual of the Anatomy of Invertebrated .Animals,’ 
1877) Professor Huxley has abandoned the division of the Scolecida^ and 
has separated its members into two sections {Trichoscolices and Nemato- 
scffticci). 
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Division I. Platyelmia. — This section includes those Scoh- 
cida which possess a more or less flattened body, usually some- 
what ovate in shape, and not exhibiting anything like distinct 
segmentation. The division includes two parasitic orders — 
the Tcemada and the Trematoda ^ — and one non-parasitic order 
— viz., the Turbellaria. A sub-order, however, of this last, the 
Nemertidce^ does not conform to the above definition ; but their 
other characters are such as to forbid their separation. 

Order I. T^eniada (Cestoidea ). — This order comprises the 
internal parasites, called Tape-worms (Cestoid worms), and 
the old order of the “Cystic Worms” (Cystica); the latter 
being now known to be merely immature forms of the Tape- 
worms. 

The TcBniada are Scolecids in which the body of the adult 
is elongated and composed of flattened joints^ the anterior ex- 
tremity (*^head”) armed with booklets, or suckers, or both 
combined. There is no mouth or alimefitary canal, and the 
young pass through a metamorphosis. The mature animal is 
hermaphrodite. 

In their mature condition, the Tceniada (see figs. 113 and 
1 14) are always found inhabiting the alimentary canal of some 



Fig. X13. — Morphology of Teeninda. a Head and a few following segments of Tania 
mediocanellata ; b A few segments of the same further rcmf)ved from the head; 
c and d Segments progressively further removed from the head, — all of the natural 
size ; e Head of the same, enlaiged ; h A single proglottis of the same, with its 
branched ovary and lateral genital pore, enlarged two diameters ; Embryo of Tania 
baciilaris, with six hofjiklets ; g Cysticcrcus celiulosa, with its booklets and suckers, 
its wrinkled neck, and its caudal vesicle, enlarged. (After Leuckart, Van Bcncdcn, 
and Weinland.) 

warm-blooded vertebrate animal; and they are distinguished 
by their great length, and by being composed of a number of 
flattened joints or articulations. These joints are not, however, 
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an example of true segmentation, nor do they really constitute 
the Tape-worm; the true animal being found in the small, 
rounded, anterior extremity, the so-called “ head,” or ‘‘ nurse,” 
whilst the joints are simply hermaphrodite generative segments, 
which the “ head ” throws off by a process of gemmation. The 
'‘head” (fig. 114, 3, and fig. 113, <?), which constitutes the real 
Tape-worm, is a minute, rounded body, which is furnished with 
a circlet of hooks or suckers, or both, whereby the parasite is 
enabled to maintain its hold upon the mucous membrane of 
the intestines of its host. No digestive organs of any kind are 
present, not even a mouth ; and the nutrition of the animal is 
entirely effected by imbibition. The nervous system consists 
of two small ganglia, which send filaments backwards; but 
there is considerable obscurity on this point, and it has been 
asserted that the nervous system is entirely wanting, or that 
there is only a single ganglion. The “ water-vascular system ” 
consists of a series of long vessels which run down each side 
of the body, communicating with one another at each articula- 
tion by means of a transverse vessel, and opening in the last 
joint into a contractile vesicle. It thus appears that all the 
joints are organicallj connected together. Whilst the “head ” 
constitutes the real animal, it nevertheless contains no repro- 
ductive organs, and these are developed in the joints or seg- 
ments (fig. 1 14, 3, aiid fig. 1 13, Ji), which are produced from 
the head posteriorly by budding. After the first joint, each 
new segment is into'calated between the head and the seg- 
ment, or segments, a^eady formed ; so that the joints nearest 
the head are those Utest formed, and those furthest from the 
head are the most mrture. Each segment, when mature, con- 
tains both male and female organs of generation, and is there- 
fore sexually perfect. 1 To such a single segment (figs. 114, 4, 
and 1 1 3, //), the term “ proglottis ” is applied, from its resem- 
blance in shape to tie tip of the tongue. The ovary is a 
branched tube, which occupies the greater part of the pro- 
glottis, and opens, al^ng with the efferent duct of the male 
organ, at a common !)apilla, which is perforated by an aper- 
ture, termed the “ gei^rative pore.” The position of this pore 
varies, being placed injthe centre of one of the lateral margins 
of the proglottis in the common Tape-worms of man ( Taenia 
solium and T, mediocaie/lafa), but being situated upon the flat 
surface of the segmmt in the rarer Bothriocephalus lafus. 
These two elements — lamely, the minute head, with its book- 
lets and suckers, and me aggrejgate of the joints, or proglot- 
tides--together compete what is commonly called a “Tape- 
worm,” such as is fouri in the alimentary canal of man and 
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of many animals. The length of this composite organism 
varies from less than an inch to several yards. 

Singular as is the composition of the mature Tape-worm, 
still more extraordinary are the phenomena observed in its 
development, of which the following is a brief account : — 
Proglottides,” or the sexually mature segments of a Tape- 
worm, are only produced within the alimentary canal of man, 
or of some other warm-blooded vertebrate. The development 
of the ova which are contained in the proglottides, cannot, 
however, be carried out in this situation ; hence the compar- 
ative harmlessness of this parasite, and hence the name of 
“ solitary worm,” which is sometimes applied to it. For the 
production of an embryo, it is necessary that the ovum should 
be swallowed by some animal other than the one inhabited by 
the mature Tape-worm. If this does not take place, the fecun- 
dated ovum is absolutely unable to develop itself. To secure 
this, however, the dispersion of the ova is provided for by the 
expulsion of the ripe proglottides from the bowel, all their 
contained ova having been previously fertlised. After their 
discharge from the body, the proglottides, which for some time 
retain their vitality and possess some power of movement, de- 
compose, and the ova are liberated (fig. ii^, i), when they are 
found to be covered by a capsule which protects them from all 
ordinary mechanical, and even chemical, ajencies, which might 
prove injurious to them. In this stage, thi embryo is often so 
far developed within the ovum that its heaJ may be recognised 
by its possession of three pairs of siliceous booklets. P'or 
further development, it is now necessary that the ovum be 
swallowed by some warm-blooded verteb^te, and should thus 
gain access to its alimentary canal. Whei this takes place, the 
protective capsule or covering of the ni|croscopically minute 
ovum is ruptured, either mechanically diiring mastication, or 
chemically by the action of the gastric jiice ; and the embryo 
is thus liberated. The liberated embry!) (fig. 113,/) is now 
called a “ proscolex,” and consists of a tninute vesicle, which 
is provided with three pairs of siliceous Opines, fitted for bor- 
ing through the .tissues of its host. Atmed with these, the 
proscolex perforates the wall of the sto^ch, and may either 
penetrate some contiguous organ, or mat gain access to some 
blood-vessel, and be conveyed by the Hood to some part of 
the body, the liver being the one most ikely. 

Having by one of these methods reamed a suitable resting- 
place, the proscolex now proceeds to ^rround itself with a 
cyst, and to develop a vesicle, containing fluid, from its pos- 
terior extremity, when it is called a ‘‘stplex” (fig. 114, 2, and 
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tig. 113,^). In some of the Taniada the scolices are called 
“hydatids/' and it is these, also, which constituted the old 
order of the “ Cystic Worms.” When thus encysted within 



Fig. 1 1 4. —Morphology of Taeniada. i. Ovum containing the embryo in its leathery 
case; 2. Cvsticcrcus longicollisl 3. “Head” of the adult Ttenia soliufn, enlarged, 
showing the booklets and cephalic suckers ; 4. A single generative joint, or pro- 
glottis, magnified, showing the dendritic ovary the generative pore (u), and the 
water-vascular canals {b ) ; 5. A portion of a Tape-worm (strobila), showing the 
alternate arrangement of the generative pores. 

the tissues of an animal, the “scolex” consists simply of a 
taenioid head, with a circlet of booklets and four “ oscula ” or 
suckers, united by a contracted neck to a vesicular body. It 
contains no reproductive organs, or, indeed, organs of any 
kind, and cannot attain any further stage of development, un- 
less it be swallowed and be taken for the second time into the 
alimentary canal of a warm-blooded vertebrate. It may in- 
crease, and produce fresh scolices, but this takes place simply 
by a process of gemmation. The series of changes, however, 
whereby the scolex is converted into the “ strobila,” or adult 
tape- worm, cannot be carried out unless the scolex gain access 
to the alimentary canal of a warm-blooded vertebrate. In this 
^se, the scolex attaches itself to the mucous membrane of the 
intestinal tube by means of its cephalic booklets (when these 
are present) and suckers. The caudal vesicle now drops off, and 
the scolex is thus converted into the “head ” of the tape-worm. 
Gemmation then commences from its posterior extremity, the 
first segments being immature. As the first -formed joints, 
however, are pushed further from the head by the constant 
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intercalation of fresh articulations, they become sexually mature, 
thus constituting the “proglottides” of the adult tape-worm 
with which the cycle began. To the entire organism, with its 
“head” and its mature and immature joints (“ proglottides”), 
the term “ strobila ” is now applied. 

In the development, therefore, of the tape-worm, we have to 
remember the following stages : — 

1. The ovum^ set free from a generative joint or proglottis. 

2. The proscolex, or the minute embryo which is liberated 

from the when this latter has been swallowed by any 

warm-blooded vertebrate. 

3. The scolex, or the more advanced, but still sexually im- 
perfect embryo, into which the proscolex develops, when it has 
encysted itself within the tissues of its host. (Under this head 
come the so-called “ Cystic Worms.”) 

4. The strobila^ or adult tape-w’orm, into which the scolex 
develops itself, when received into the alimentary canal of a 
warm-blooded vertebrate. The strobila is constituted by the 
“ head,” and by a number of immature and mature generative 
segments or joints, termed the “proglottides.” 

The subject will perhaps be more clearly understood by 
following the development of one of the common tape-worms 
of man — viz., the Tcenia so/iupt. Commencing with an indivi- 
dual who is already suffering from the presence of this parasite, 
one of the most distressing symptoms of the case is found to be 
the escape of the joints of the animal from the bowel. These 
joints are the ripe “ proglottides,” containing the fecundated 
ova. When the ova — which are microscopic in size — are lib- 
erated by the decomposition of the proglottis, they may gain 
access to water, or be blown about by the wind. In many ways, 
it is easy to understand how one of them may be swallowed by 
a pig. When this occurs, a “ proscolex ” is liberated from the 
ovum, and bores its way through the walls of the stomach, to 
become a “scolex.” It now takes up its abode, generally in 
the muscles, in which position it was originally described as a 
cystic worm under the name of Cysticercus cellulose (fig, ii3,j?^), 
constituting what is commonly known as the “measles” of the 
pig. In this state the .scolex will continue for an indefinite 
period ; but if a portion of “ measly ” pork be eaten by a man, 
then the scolex will develop itself into a tape -worm. The 
scolex fixes itself to the mucous membrane of the intestine, 
throws off its caudal vesicle, and commences to produce “ pro- 
glottides ” instead, becoming thus the “ strobila ” of the Tama 
soliunij with which we originally started. The other common 
tape-worm of man — viz., the Tania mediocanellata — is derived 
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in an exactly similar manner from the “ measles ” of the ox. 
In like manner, the tape-worm of the cat {Tania crassicollis) is 
the mature form of the cystic worm of the mouse {Cysticercus 
fascioiaris) ; the Tania crassiceps of the fox is derived from the 
Cysticercus longicollis of the vole (Annco/a terresfris) ; one of 
the tape-worms of the dog (T, serrata) is the fully developed 
form of the Cysticercus pis or mis of hares and rabbits ; another 
of the tape-worms of the dog {T coenurus) is the adult of the 
Ccenurus cerebralis^ which gives rise to the staggers ” of the 
latter animal; and another {T. echinococcus) spends its larval 
stage in the tissues of man ; while T marginata of the dog 
and wolf is the mature stage of the Cysticercus tenuicollis of the 
ruminants and of the pig. On the other band, the embryo of 
the “Russian tape-worm** {Bothriocephalus latus) is not “cystic,** 
but is ciliated and furnished with booklets, whilst the scolex 
apparently leads an independent life in water, and its inter- 
mediary bearer (supposed by some to be a fish of the salmon 
tribe, or by others to be a fresh-water Annelid e) is at present 
unknown. 

Besides being liable to the attacks of various species of adult 
tape-worms, man is not uncommonly attacked by “ scolices,’* or 
the larval forms of the tape-worms of other animals. Thus, 
what are professionally termed “ hydatids ’* are really the 
scolices of one of the tape-worms of the dog (the Tcmia echino- 
coccus), The “strobila** or adult worm (fig. 115, A) is only 
about a quarter of an inch in length, and is singular in con- 
sisting of only four segments, including the “ head.** The 
last segment is sexually mature, and the head is furnished with 
booklets and suckers. The egg gives rise, when swallowed by 
man, to a “ proscolex,’* which bores its way through the walls 
of the stomach, and finds a lodgment in some solid organ — 
very commonly the liver. The primitive scolex now consists 
of a spherical vesicle (fig. 115, C) with a thick laminated ex- 
ternal covering enclosing a central granular mass. This mass 
ultimately forms a cellular membrane lining the outer lamin- 
ated envelope, and from it are developed numerous secondary 
“ scolices,** each of which is attached to the parent cyst by a 
pedicle, and is furnished with a crown of booklets and four 
suckers, but is destitute of a caudal vesicle (fig. 1 1 5, D). In 
fact the parent cyst may be regarded as morphologically com- 
posed of the coalescent caudal vesicles of the contained 
“heads** or EchinococcC^ The parent cyst may grow to a 
great size, and is filled with a clear fluid, whilst instead of 
producing simple “ Elchinococci,** it may bud off numerous 
“ brood - capsules,** each of which develops in its interior a 
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group of Echinococcus heads (fig. 115, B), or it may produce 
numerous secondary cysts, which may repeat the process, and 
all of which may incessantly produce ‘‘brood-capsules'* and 



Fig. 1 1 5. — A, Sexually mature Ttrnia echinococcus^ showing the head with its booklets 
and suckers, and the three succeeding proglottides, the last containing the reproduc- 
tive organs (enlarged) ; o Ovary ; v Water- vessels. B, Interior of a portion of a hydatid 
cyst, showing the brood-capsules and included Echinococci (from Man). C, Young 
Echinococcus, about six weeks old, showing the thick laminated outer capsule and 
the inner granular contents. D, Single Echinococcus (from Man), showing the book- 
lets, suckers, contained “calcareous corpuscles,” and pedicle. All the figures are 
enlarged. (After Spencer Cobbold and Wil.son.) 

“ Echinococci." The disease known as ‘‘ hydatids ” in the 
human subject is, therefore, indicated by the presence in the 
liver or other solid organ of a strong membranous cyst, often 
of large dimensions, filled with a transparent watery fluid, and 
having attached to its interior innumerable minute secondary 
“ scolices,” or “ brood-capsules,” or containing daughter cysts 
produced by a peculiar form of gemmation. In some coun- 
tries, as in Iceland, the disease is very common, and it is of a 
very serious character, as the growth of the tumour is apt to 
gravely interfere with the vital functions, or even to produce 
fetal results. The symptoms, of course, depend upon the 
position occupied by the cyst, and the importance to life of the 
organ affected. 
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CHAPTER XXIV. 

TREMATODA AND TURBELLARIA, 

Order Trematoda. — Leaf-like internal (sometimes external) 
parasites^ provided 7mth otte or more ventral suckers ; a mouth 
and alimentary canal ^ but no anus. No body-cavity. Integument 
of the adult not ciliated. Sexes generally united. This order 
includes a group of animals, which, like the preceding, are 
parasitic, and are commonly known as “ suctorial worms or 
“Flukes.” They inhabit various situations in different ani- 
mals — mostly in birds and fishes — and they are usually flat- 
tened or roundish in shape. The body is provided with one 
or more suctorial pores for adhesion. An intestinal canal, 
with one exception, is always pi^sent, but this is simply hol- 
lowed out of the substance of the body, and does not lie in a 
free space, or “perivisceral cavity.” The intestinal canal is 
often much branched, and possesses but a single external 
opening, which serves alike as an oral and an anal aperture, 
and is usually placed at the bottom of an anterior suctorial disc. 
A “ water-vascular ” system is always present, and consists of 
two lateral vessels which generally open on the surface by a 
common excretory pore. The nervous system consists of two 
pharyngeal ganglia. With few exceptions, the sexes are united 
in the same individual ; and the young may be developed 
directly into the adult, or may pass through a complicated 
metamorphosis, which varies in different cases, and does not 
admit of description here. In many cases, the larvae are 
“ cercariiform,” or “tailed;” and one of the early stages of 
their existence is often spent in the interior of fresh-water 
molluscs, from which they are finally transferred to their de- 
finitive host. 

The “Flukes” inhabit, in their adult condition, the most 
varied situations. Most are internal parasites, living in the 
intestines or hepatic ducts of mammals, birds, or batrachians, 
the vitreous humour or lens of the eye, the blood-vessels, &c. 
A few are external parasites, living on the skin and gills of 
fishes, crustaceans, and other animals. 

From the absence of a jDcri visceral cavity, the Trematoda were formed by 
Cuvier into a separate division of Entozoa^ under the name of Vtrs Jntes- 
ttnaux ParenchymateuXf along with the Tcniada and Acanthoccphala^ in 
which no alimentary canal is present. By Owen, for the same reason, they 
are included in a distinct class, under the name of Stcrehiini/ia, 
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The Distoma (Fasciola) hcpaticum (fig. 116, i) may be taken as the type 
of the Trematoda. It is the common “Liver-fluke” of the sheep, and 
inhabits the gall-bladder or biliary ducts, giving rise to the disease known 
as the “rot.” In form it is ovate, and flattened on its two sides, and it 
presents two suctorial discs, the anterior of which is perforated by the 
aperture of the mouth, whilst the posterior is impervious. Between the 
suckers is the “genital pore,” at which the efferent ducts of the reprtiduc- 
tive organs open on tlie exterior. A branched water- vascular system is 



Fig. 116. — Treiii.-uoda. i. Distoma itepattcum, the “Liver-fluke,” .showing the 
branched alimentary canal. 2. Anterior extremity of Distoma Innceolatum . An- 

terior sucker ; b Posterior sucker ; c Generative pore ; d CFIsophagus ; e Alimentary 
canal. (After Owen.) 

present, and opens posteriorly by a small aperture. The alimentary canal 
i)ifurcates shortly behind the mouth, the two divisions thus protluced giv- 
ing off numerous lateral diverticula, and terminating posteriorly in blind 
extremities. The nervous system consists of two cephalic ganglia, giving 
off filaments both forwards and backwards. The embryo of Disioma^ on 
its discharge from the egg, is inversely conical in shape, and is covered 
with cilia ; but it apjxiars soon to lose its cilia, and to become “cercarii- 
form,” abandoning its free aquatic life, and entering into the body of some 
fresh-water mollusc. When its host is eaten by some mammal the larva 
passes into its mature stage of development. The adult Distonui hcpaticum 
IS found in the sheep, ox, horse, ass, hare, deer, &c., and occasionally in 
man. 

In Distoma lanceolatum (fig. n6, 2) the intestine has not the ramose, 
complex character of that of D. hepaticum. On the other hand, the ali- 
mentary canal, after its bifurcation, is continued on each side of the body 
to the posterior extremity without giving off any branches on the way, and 
it terminates simply in blind extremities. It occurs in the liver of the ox, 
sheep, pig, &c. , and has been likewise detected in man. 

The only other Trematode which need be mentioned is the curious 
Gynacophorus (Bil/tarzia) hiematobiiis^ w'hich occurs abundantly in the in- 
terior of the blood-vessels of the human subject in certain regions (Egypt, 
South Africa, Mauritius), and has also l>een found in a similar situation in 
monkeys. The sexes are distinct in this form, the male licing ab<3ut half 
an inch, whilst the female is nearly an inch in length, and both being ver- 
miform in shape. 

Order Turbellaria. — Ixaf-like or vermiform Scoleddsy 
rarely parasitic, with a mouth and alimentary canal, and some- 
times a body-cavity; integument ciliated. Sexes united or distinct. 
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The members of this order are almost all aquatic, and are all 
non-parasitic ; thus differing entirely from the animals which 
compose the two preceding orders. Their external surface is 
always and permanently ciliated, and they never possess either 
suctorial discs or a circlet of cephalic booklets. A water- 
vascular system” is present, opening externally by one or 
more apertures, or appearing to be entirely closed in the adult 
{Nemertida). The alimentary canal is embedded in the paren- 
chyma of the body {Planarida), or is freely suspended in a 
‘‘perivisceral cavity” {Nemertida), The intestine is either 
straight or branched, and a distinct anal aperture may, or may 
not, be present. The nervous system consists of ganglia situ- 
ated in the fore-part of the body, united to one another by 
transverse cords, and sending filaments backwards. 

The Turbellaria are divided into two sections, termed 
respectively the Planarida and the Nemertida, 

Sub-order I. Planarida. — The Planarians (fig. 117) are 
mostly ovoid or elliptical in shape, flattened and soft-bodied. 





Fig. 1x7. —Morphology of Turbellaria. i. Planaria to^-z'a (Muller): nt Mouth; ^ 
Nerve-ganglion; e Eyes; ov Ovary; t Testis; Genital opening, a. Planaria 
/ar/rn;, showing the branched (dendroco:!) intestine. 3. Microscopic larva of Alan- 
a marine Turlicllarian. 4. Piluiium, the “ pseudembrj'o ” of a Ncmertid ; 
a The alimentary canal ; b Rudiment of the Nemertid. 

They are for the most part aquatic in their habits, occurring 
in fresh water, or on the sea-shore, but occasionally found in 
nioist earth. The integument is abundantly provided with 
vibratile cilia, which subserve locomotion, and it also contains 
numerous cells, which have been compared to the “ cnidie,” or 
nettle-cells, of the Ccelenterata, There is always a considerable 
portion of the body situated in front of the mouth, constitut- 
ing the so-called “pire-oral region,” or “ prostomium ; ” and 
this is often modified into a singular protrusible and retractile 
organ, called the “proboscis,” the exact use of which is not 
known. The mouth opens into a muscular pharynx, which is 
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often evertible; and the intestine may be either straight or 
branched, but always terminates cjccally behind, and is never 
provided with an anal aperture. The “ water-vascular system ” 
communicates with the exterior by two or more contractile 
apertures. The nervous system consists of two ganglia, situ- 
ated in front of the mouth, united by a commissure, and 
giving off filaments in various directions. Pigment-spots, or 
rudimentary eyes, from two to sixteen in number, are often 
present, and are always placed in the prse-oral region of the 
body. The male and female organs are united in the same 
individual, and the process of reproduction may be either 
sexual, by means of true ova, or non-sexual, by internal gem- 
mation or transverse fission. 

The Planarians have been divided into two sections, as 
follows : — 

Section A. Rhabdoccela. — Intestine straight, not branched ; 
body elongated, ‘rounded, or oval. 

Section B. Dendroc(KLA. — Intestine branched or arbores- 
cent ; body flat and broad. 

Sub-order II. Nemertida. — The JVemertida, or “Ribbon- 
worms,” agree in most essential respects with the Planarida, 
They are distinguished, however, by their elongated, vermi- 
form shape, by the presence of a distinct anus, by the posses- 
sion of a distinct perivisceral cavity, by the absence of an 
external aperture to the water-vascular system of the adult, 
and by the fact that the sexes, with one or two exceptions, are 
distinct. The Nemertida further differ from the other Platyel- 
mia in possessing a pseudo-haemal system in addition to, and 
distinct from, the water-vascular system. The external surface 
of the body is richly ciliated, and is underlaid by a thick 
glandular cutis, beneath which are well-developed sub-cutane- 
ous muscles. The digestive canal is ciliated internally, and 
consists of a muscular gullet, a sacculated stomach, and an 
intestine with a distinct anus. The nervous system consists of 
two large cephalic ganglia, united by a double commissure, 
and sending lateral cords backwards. The so-called “circu- 
latory system ” is composed of closed contractile vessels, some- 
times containing a corpusculated fluid. “Along the median 
line of the dorsum lies a special muscular sheath, containing 
a complicated proboscis, and a highly organised corpuscular 
fluid, both the sheath and the proboscis passing between the 
commissures of the ganglia in front” (MTntosh). The eyert- 
ible and muscular sheath of the proboscis may be as long as 
the whole body, and the extremity of the latter may or may 
not be protected by one or more spines (fig. ii8). The sexes 



annulosa: nemertida. 


241 


are mostly in separate individuals, and the generative organs 
have the form of sacs placed between the muscular walls of 
the body and the digestive canal, and discharging their con- 
tents by lateral pores. 


Reproduction takes place by the formation of true ova, by internal gem- 
mation, or by transverse fission. In Nemertes^ however, the egg gives rise 
to a larva, from which the adult is developed in a 
manner closely analogous to that described as char- ^ 

acteristic of the EchinodermaUx. The larval form 


of Ncmertes was described by Johannes Muller, 
under the name of Pilidium (fig. 117,4). It is “a 
small helmet-shaped larva, with a long flagellum 
attached like a plume to the summit of the helmet, 
the edges and side-lobes of which are richly cili- 
ated. A simple alimentary canal opens upon the 
under surface of the body between the lobes. In 
this condition the larva swims about freely ; but, 
after a while, a mass of formative matter appears 
on one side of the alimentary canal, and elongat- 
ing gradually, takes on a worm-like figure. Event- 
ually it grows round the alimentary eanal, and 
appropriating it, detaches itself from the Pilidium 
as a Nemertid — provided with the characteristic 
proboscis, and the other organs of that group of 
'Purbellatda^' (Huxley). Whilst some Nemertids 
are thus developed by internal budding from a 
ciliated provisional larva or “nurse,” others exhibit 
no such phenomena, but are directly developed into 
the adult form, without undergoing any striking 
metamorphosis. 

Whilst the Nemerteans undoubtedly show very 
close aftinities to the Planarians, they are also 
nearly related to the Annelida proper, both as 



regards their general form and their internal struc- pjg n 8.— Morphology of 
ture. One of the most remarkable of the links Nemertida, Prorhyn- 

between these two groups is to be found in Balano- JltiviaUUs : o 

.V-W, the systematic position of which is .still ^Joives^sense-il^ans*?)! 

uncertain. Ihis extraordinary worm is found j Spine, attached behind 

burrowing in the san<l in the Mediterranean and to \p) the s.ac of the pro- 

along the eastern coasts of North America, rang- boscis ; a (Juliet ; g (Jas- 

ing to depths of 2500 fathoms, and possesses a ^ ’fhe^prSwis 

flattened worm-like body, terminating in front in in this form is very small, 
a protrusible hollow proboscis. The external in- (After Gegenbaur.) 
tegument is ciliated, as in the Nemerteans, and 

there are no setiform organs of locomotion, such as are found in so many 
Annelides. A water- vascular system is present ; there is a well-developed 
alimentary canal ; and the process of respiration is carried on by means 
of a singular branchial sac formed by a chitinous framework with ciliated 
apertures, somewhat similar to the “branchial sac” of an Ascidian ; whilst 
the sexes are in different individuals. The most remarkable point, how- 
ever, about Balano^ossus is its mode of development. The larva is a 
free-swimming, barrel-shaped, ciliated body, which was originally discovered 
by Muller, and described by him under the name of Tornaria^ as the 
young of some Star-fish. In spite of its close resemblance to the larvse of 
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the Echinoderms, A. Agassiz has, however, succeeded in showing that 
Tornaria is really the young of Baianoglossus, and that it is developed 
into the adult by a rapid change, not accompanied by any absorption, 
or casting off, of any portion of the original larva. 

The Nemerteans are mostly marine in their distribution, a 
few forms inhabiting fresh water, and two (the Tetrastenwice 
of the Bermudas and Philippine Islands) being found in moist 
places on land. They are found from the arctic seas to the 
equator, most of them being littoral in their habits, though 
some live at considerable depths. Recently, Mr Moseley has 
described a peculiar group of Nemerteans under the name of 
Pelagonemertidce^ which are pelagic in their habits. These 
oceanic forms have a broad, gelatinous, flattened body, and a 
ramified digestive tract, and thus make a near approach to the 
dendrocoelous Planarians. No certain remains of Neniertids 
are known to occur in the fossil state, though some obscure 
remains have been referred to this group. 


CHAPTER XXV. 

NEMATELMIA. 

I. Acanthocephala. 2. Gordiacea. 3. Nematoda. 

Division TI. Nematelmia. — This section may be consid- 
ered as comprising those Scolecids in which the body has an 
elongated and cylindrical shape. Strictly speaking, it should 
include the Nejnertida^ but the division is not founded upon 
anatomical characters, and is employed here simply for con- 
venience. Most of the Nematelmia possess an annulated in- 
tegument; but there is no true segmentation, and there are 
rarely any locomotive appendages attached to the body. The 
majority are unisexual, and parasitic during the whole or a 
part of their existence. Three orders are comprised in this 
division — viz., the Acanthocephala^ the Gordiacea, and the 
Nematoda. 

Order I. Acanthocephala. — Vermiform internal parasites, 
ivithout month or ali 7 ne 7 itary canal, a?id havmg an anteidor pro- 
trusible proboscis armed with recurved hooks. Sexes distinct. 

The Acanthocephala are entirely parasitic, vermiform in 
shape, and devoid of any mouth or alimentary canal. The 
front end of the body (fig. 119, /) is developed into a retrac- 
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tile proboscis, which is covered with tranverse rows of recurved 
hooks, and by means of which the parasite attaches itself to 
the wall of the intestine of its host. The integument (c c) is 
highly muscular, and the proboscis is 


contained within a strong muscular 
sheath, and can be retracted by special 
muscular bands (/« ni). At the base of 
the proboscis is placed a single nervous 
ganglion, and its hinder extremity is 
prolonged into /, the so-called “liga- 
mentum suspensorium,** a fibrous band, 
which supports the generative organs. 
The sexes are in different individuals. 
The water - vascular system is in the 
form of subcutaneous reticulated canals 
which are connected with two saccular 
organs or “lemnisci"’ (b b)^ placed on 
each side of the base of the probos- 
cis, but the vessels of this system do 
not appear to communicate with the 
exterior. 

The order Acauthocephala includes 
only one genus, n^mtly^EchhiorhynchuSy 
the genus Kolcops being doubtfully 
referred here. All the Echinorhynchi 



inhabit in their adult condition the in- Fig. T19. — Morphology of Ac- 
testines of fishes, birds, or mammals, 

and they pass through a metamorpho- larged about twelve times ; / 

• rr*! 11 3 1 i. Proboscis; « Neck; s Mus- 

sis. The eggs are swallowed by crusta- cuiar sheath of the proboscis: 
ceans or insects, and give exit to free ^Ganglion; “Lenmisd,’' 

. , , ^ 1 • 1 1 -I connected with the wa- 

vermiform embryos, armed with hooks, ter-vascuiar system ; / Liga- 


These burrow out of the intestine of 
their host and encyst themselves in its 
tissues, not becoming finally developed 
till their bearers may be eaten by some 


mentum suspensormm ; m m 
Retractor muscles of the pro- 
boscis ; t t I'cstes ; v Vesi- 
cula seminalis ; c c Integu- 
ment. (After Leuckart.) 


vertebrate animal. Thus, the embryos of Echinorhyiichus gigas 
of the pig inhabit the larvae of the cockchafer ; whilst those 


of E. angustatus, of Cyprinoid fishes, live in the interior of 
fresh-water Crustaceans. 


Order IL Gordiacea. — Vermiform Scokeida, parasitic w 
insects during a portion of their existence. An imperfectly de- 
veloped alimentary canal or none„ Water-vascular system rudi- 
mentary or absent. Sexes distinct. 

The Gordiacea^ or ‘‘ Hair-worms,” are thread-like Scolecids, 
often singularly like hairs in appearance, which live in the 
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interior of various insects during part of their life. The 
digestive system is imperfect, an anal aperture being univer- 
sally wanting. In Mermis, the gullet ends in a blind sac ; in 
Gordius^ the digestive tube opens into the body-cavity ; and 
in Spharularia, the mouth appears to be wanting. The sexes 
are in different individuals. In Gordius itself, the embryo is 
free and aquatic, having a retractile snout armed with booklets, 
by means of which it, after a time, bores its way into the 
tissues of some water-insect, in which it encysts itself. The 
sexually-mature worms are found in the interior of Orthoptera 
or Neuroptera; but they leave their hosts and betake them- 
selves again to an aquatic existence for the purpose of la3nng 
their eggs. The adult Mermis is found principally in Lepidop- 
tera; whilst Sphcznilaria inhabits the body-cavity of Bumble- 
bees. A form of the Gordiacea has also been found at great 
depths in the ocean, coiled up beneath the carapace of shrimps 
(VVillemoes-Suhm). 

Order III. Nematoda (or Nematoidea). — Cylindrical vermi- 
form ScolecidSf sometimes parasitic^ sometimes free; integument 
not ciliated ; a %vell-developed alimentary canal ^ with a mouth 
and anus, suspended freely in a body-cavity ; sexes distinct, or 
rarely united. 

The Nematoda comprise the so-called ‘‘ Thread-worms ” and 

Round-worms,’^ and, as their various names imply, possess a 
rounded and worm-shaped body (fig. 120, ci), sometimes of 
great length. The cuticle is chitinous and porous ; and there 
is generally a distinct annulation, though no true segmentation 
exists. The alimentary system is well developed, the mouth 
being anterior, and usually furnished with papillae (fig. 120, c). 
The gullet opens into a muscular stomach, from which an in- 
testine conducts to a ventrally or terminally placed anus ; the 
whole digestive tube being freely suspended in a body-cavity, 
which is filled with a sparsely corpusculated fluid. There is a 
water-vascular system, composed of lateral tubes, which open 
on the surface by a ventrally - placed pore. The nervous 
system is in the form of a ganglionic ring, surrounding the 
gullet, and sending filaments backwards and forwards. The 
sexes are mostly distinct, the external openings of the repro- 
ductive organs being placed near the anus. The males are 
usually less frequently met with and of smaller size than the 
females, and they possess a single or double spicular penis 
(fig. 120, b). Metamorphosis may or may not occur during 
development. 

As before said, most of the Nematoda are internal parasites, 
inhabiting the alimentary canal, the pulmonary tubes, or the 




Fig. 120. — Morphology of Nematoda. a Ascnris lumbricoides, male, reduced in size ; 
b Hinder extremity of the same, with the reproductive spicula, enlarged; c Head of 
the same enlarged, showing the tubercles round the mouth ; d Ovum of the same, 
highly magnified, with the fully-developed worm in its interior; Male of Oxyuris 
vertnicularis, five times the natural size \ f Female of the same, similarly enlarged ; 
g Male of the same, higlily magnified ; h Embryo of Dracuncttlus^ magnified 500 
diameters; i Embryos of the same, magnified 60 diameters; I A single Trichina, 
encapsuled in the muscles, highly magnified. (Chiefly after Leuckart, Spencer 
Cobbold, and Bastian.) 

Amongst the more important members of the parasitic 
section of the Nematoda may be mentioned the ^scaris liim- 
bricotdes, the Oxyuris vermicularis, the Trichocephalus dispar ^ 
the Sclerostoma duodenale^ the Dracimadus medinmsisy and the 
Tf'ichina spiralis. 

The Ascaris Inmbricoides, or common Round-worm, inhabits the intestine 
of man, and sometimes of other mammals, especially the pig, often attain- 
ing a length of several inches. The ova are expelled with the fieces, and 
the embryo is developed within the ovum prior to its rupture, but not till 
after the lapse of several months (fig. 120, d). When fully formed, the 
embryo is about one-hundredth of an inch in length, and its development 
is not exactly known, though it appears to be directly transferre<l from river 
or pond water to the alimentary canal of its host. The body of the adult 


246 


MANUAL OF ZOOLOGY. 


(fig. 120 , a) is cylindrical, attenuated at both extremities. At the anterior 
extremity is a sub-triangular mouth, surrounded by three tubercles (fig. 
120, c). The anus is situated posteriorly. The females are larger than 
the males, and are much more numerous. These parasites are much more 
common in children than in adults, and they often occur in considerable 
numbers. They are usually found in the small intestine, though they some- 
times wander into other situations. 

The Oxytiris vermicularis^ or “small Thread- worm” (fig. 120, ^), 

is a gregarious worm, which inhabits the rectum, especially of children. 
It is the smallest of the intestinal worms of man, its average length not 
being more than a quarter of an inch, but the females are much bigger 
than the males. 

The Trichocephalus dispar inhabits the caecum of man. It is from one 
and a half to two inches in length, and the anterior two-thirds of the body 
is extremely attenuated and thread-like. 

The Sclerostoma duodenale inhabits the small intestine in the human sub- 
ject, and is far from uncommon in Italy and in Egypt. It varies in size from 
one-third of an inch to half an inch, the females being the largest ; and the 
symptoms to which it gives rise are often of a serious character. 

The Trichina spiralis is a singular Ncmatoid, which gives rise to a pain- 
ful and not uncommonly fatal train of symptoms, somewhat resembling rheu- 
matic fever, and known as Trichiniasis. The Trichina is known in two 
different conditions, sexually immature or mature. In its sexually imma- 
ture condition it inhabits the muscles, usually of the pig (the rat, however, 
being apparently its true host), in vast numbers, each worm (fig. 120, /) 
being coiled up in a little capsule or cyst. In this condition the worm is 
incapable of further development, and may remain, apparently for an in- 
definite period, without change, and without seeming to produce any in- 
jurious results to the animal affected. If, however, a portion of trichina- 
tous muscle be eaten by a warm-blooded vertebrate, and so introduced 
into the alimentary canal, an immediate development of young Trichimi is 
the result. The immature worms escape from their enveloping cysts, grow 
larger, develop sexual organs, and give birth to a numerous progeny, which 
they produce viviparously. The young Trichimr thus produced perforate 
the walls of the alimentary canal, and, after working their way amongst 
the muscles, become encysted. If the animal in which these changes go 
on has sufficient vitality to bear up under the severe symptoms wliich are 
produced by the migration of the Trichime, he is now safe; since they 
cannot become sexually mature, or develop themselves further, until again 
transferred to the alimentary canal of some other animal. 

The Guinea- worm {Dracunculus or Filaria medinensis) is a Nematode 
worm, which inhabits, during one stage of its existence, the cellular tissue 
of the human body, generally attacking the legs, and often attaining a 
length of several feet. All known specimens of this parasite are impreg- 
nated females, containing a large number of young. The worm remains 
embedded in the body, in a more or less quiescent condition, for a year or 
more, at the end of which time it seeks the surface, in order to get rid of 
its young. No external aperture to the genital organs has hitherto been 
proved to exist, and it seems possible that the young are produced within 
the body of the parent by a process of internal gemmation. The young 
Filaria (fig. 120, h and /) consists of a vermiform body, terminating in a 
hair-like tail ; and when set free from the parent, its further development 
probably takes place in water, when it is believed to be converted into one 
of the “Tank-worms” so common in India. In this condition, it is pos- 
sible, as some believe, that sexual organs are developed, and that the 
females are impregnated. The young worm is believed to pass the inter- 
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mediate portion of its life in the interior of fresh-water Crustaceans {Cyclops), 
but how it gains access to the cellular tissue of man is still unknown. Ac- 
cording to Dr Bastian, however, it appears probable that the Guinea-worm 
“ is a parasite only accidentally, and that it and its parents were originally 
free Nematoids.” 


In addition to the above-mentioned forms, it may be noted that minute 
parasitic Nematoids are not uncommonly found, sometimes in vast numbers, 
in the blood of various animals, including 


the dog, man himself, and various birds. 
Some of these haematozoa are embryonic, 
others appear to be mature, and they may 
or may not give rise by their presence to 
aj)preciable morbid symptoms. The origin 
of these haematozoa, their development, and 
the mode in which they are introduced into 
the blood, are sidyects, for the most part, 
still shrouded in obscurity. The most re- 
markable species is the Filaria sanguinis- 
hominis, which in its immature state inhabits 
the blood of man in intertrojucal regions, 
its presence being commonly associated with 
chyluria, hcematuria, and other morbid 
affections. 

The second section of the Ncmatodci com- 
prises worms which are not at any time 
parasitic, but which are permanently free. 
These “ free Nematoids” (fig. 121 ) consti- 
tute the family of the Angmlluliihe, of which 
about two hundred species have been already 
described, mostly inhabiting fresh water or 
the shores of the sea. They resemble the 
parasitic Nematoids in all the essential feat- 
ures of their anatomy, but they differ in often 
possessing pigment - spots, or rudimentary 
eyes, in being mostly provided with a ter- 
minal sucker, and in bringing forth com- 
])aratively few ova at a time ; the dangers 
to which the young are exposed being much 
less than in the parasitic forms. Amongst 




the more familiar free Nematoids are the ,, .. . - j a 

Vinegar I'.el {AitgtnUula accti, fig. 122, A) An^uiUuln. „ccti; B, Dory- 

and the Tylenchus (or Vibrio) tritici, which laimus stagnalis. Magnified. 

jiroduces a sort of excrescence or gall upon (After Hastian.) 

the ear of wheat, causing the disease 

known to farmers as the “Purples,” or “Ear Cockle.” 

The jjarasitic and free Nematoids are connected together by an Ascaris 
{A. nignrvcnosa), which in succeeding generations is alternately free and 
jiarasitic. This Ascaris has long been known as inhabiting the lungs of the 
frog, but it has been shown by Meeznikow that “ the young of this animal 
become real free Nematoids ; for, after passing from the intestine of the 
frog into damp earth or mud, they grow rapidly, and actually develop in 
the course of a few days, whilst still in this external medium, into sexually 
mature animals. Young, ditfering somewhat in external characters from 
their parents, are soon produced by them, and these attain merely a certain 
stage of development whilst in the moist earth, arriving at sexual maturity 
only after they have become i:)arasites, and arc ensconced in the lung of the 
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frog ” (Bastian). This extraordinary history is rendered still more remark- 
able, if it should be proved that the young of the parasitic forms of this 
Ascaris are produced by a process of parthenogenesis; and this seems to 
be highly probable, since none of the individuals which are fountl as para- 
sites are males, but are universally females. 


CHAPTER XXVI. 

ROTIFER A. 

Sub-class Rotifera {Rotatoria). — The Rotifera, or “Wheel- 
animalcules," constitute a very natural group, the exact posi- 
tion of which has been a good deal disputed, and is still 
doubtful. They are looked upon here as a distinct division 
of the Scolecida ; but they are very frequently placed with the 
Amie/ida amongst the next division of the Anmilosa {Anar^ 
thropoda). 

The Rotifera are minute animals^ never parasitic^ inhahitiu}^ 
water ^ and usually provided with an aiiterior ciliated disc, capable 
of inversion and ezfersion. In the females there is a distinct mouth, 
intestinal canal, and anus. A nervous system is also present, con- 
sisting of ganglia, situated near the anterior extremity of the body, 
aitd sending filaments backwards. A water-vascular system is 
also present. The sexes are distinct. 

Most of the Rotifera are entirely invisible to the naked eye, 
and they are all extremely minute, none of them attaining 
a greater length than i-36th of an inch. Nevertheless, as 
remarked by Mr Gosse, “so elegant are their outlines, so 
brilliantly translucent their texture, so complex and yet so 
patent their organisation, so curious their locomotive wheels, 
so unique their apparatus for mastication, so graceful, so 
vigorous, so fleet, and so marked with apparent intelligence, 
their movements, so various their forms and types of struc- 
ture," that they form one of the most interesting departments 
qf zoological an^i microscopical study. They are all aquatic 
in their habits, and in the great majority of cases are free- 
swimming animals, some, however, being permanently fixed, 
as is the case with Stephanoceros, Melicerta (fig. 122, B), and 
Floscularia, They are usually simple, but are occasionally 
composite, forming colonies, as in Megalotrocha, As a rule, 
the male and female Rotifera differ greatly from one another, 
the males being smaller than the females, destitute of any 
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masticatory or digestive apparatus, and more or less closely 
resembling the young form of the species. The most charac- 
teristic organ in the great majority of the Rotiferay is the so- 
called “ wheel-organ,” or trochal disc,” which is always situ- 
ated at the cephalic or distal end of the body, and consists of 
a retractile disc, surrounded by a circlet of cilia, which, when 
in action, vibrate so rapidly as to produce the illusory im- 
pression that the entire disc is rotating. 

The disc, which carries the cilia, is capable of eversion 
and inversion, and may be circular, reniform, bilobed, four- 
lobed, or divided into several lobes. It serves the purpose 
of locomotion in the free-swimming forms, acting somewhat 
like the propeller of a screw-steamer ; and in all it serves to 
produce currents in the water, which convey the food to the 
mouth. 

In Chcetonotus^ and some other forms {Gastroiricha\ there is 
no true wheel-organ, capable of protrusion and retraction, but 
the cilia are variously disposed over the surface of the body. 
The ChcBtonoti or Hairy-backed Animalcules have no jaws, 
and have the ventral surface of the body clothed with cilia. 
They have often been placed in the Ttirbellaria^ but there 
seem to be good reasons for regarding them as an aberrant 
group of Rotatoria, Balatro and Apsihis are non-ciliated in 
the adult condition. 

The proximal extremity of the body in the free forms ter- 
minates in a caudal process, or “ foot,” sometimes telescopic, 
which ends in a suctorial disc, or in a pair of diverging “ toes,” 
which act as a pair of forceps (fig. 122, A). 

The mouth usually opens into a pharynx, or ‘‘ buccal funnel,” 
which is generally provided with a muscular coat, constituting 
the “mastax” or “pharyngeal bulb,” and which generally con- 
tains a very complicated masticatory apparatus.'^ The parts 
of this apparatus are horny, and are believed by Mr Gosse to 
be homologous with the parts of the mouth in insects. In the 
females of almost all known species of Rot if era the intestinal 
canal is a more or less simple tube, extending through a well- 
developed perivisceral cavity, and terminating posteriorly in a 
dilatation, or “ cloaca,” which forms the common outlet for the 
digestive, generative, and water-vascular systems. 

In both sexes there is a well-developed water-vascular sys- 
tem, usually consisting of the following parts : — 

* The lower jaws, or “incus,” consist of a fixed portion, the “fulcrum,” 
to which are attached two movable blades — the “rami.” The upper jaws, 
or “mallei,” consist each of a handle, or “manubrium,” to which is hinged 
a toothed blade, or “uncus.” 
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In the hinder part of the body, close to the cloaca, and opening into it, 
is a sac or vesicle, which is termed the ** contractile bladder,^’ and exhibits 
rhythmical contractions and dilatations. From the contractile bladder 
proceed two tubes — “the respiratory tubes” — which pass forwards along 



Kig. 123. — Rotifer. 1 . A, Diagrammatic representation of Hydatina senta (generalised 

from Pritchard) : a Deprcs.sion in the ciliated disc leading to the digestive canal ; b 
Mouth ; c Pharyngeal bulb or mastax, with the masticatory apparatus ; d Stomach ; 
e Cloaca ; / Contractile bladder ; ^^ Respiratory or water-vascular tubes ; 4 Nerve- 
ganglion giving filament to ciliated pit (4) ; o Ovary. B, Melicerta rhigens. (After 
Gosse.) 


the sides of the body, and terminate anteriorly in a manner not quite ascer- 
tained. Attached to the sides of the respiratory tubes, in all the larger 
Koiifera, is a series of ovate or pyriform vesicles, each of which is furnished 
internally with a single central cilium, which is fixed to the free end of the 
vesicle. It is asserted, however, that these ciliated vesicles communicate 
internally with the jierivisceral cavity with its contained corpusculated 
fluid. The exact function of this water- vascular system is not known, but 
it is most probably respiratory and excretory. Dr Leydig lielieves that 
water enters the perivisceral cavity by endosmose, where it mingles with 
the absorbed products of digestion, to form the so-called “chylaqueous 
fluid ; ” and that the effete fluid is excreted by the respiratory tubes, and 
ultimately discharged into tlie cloaca by the contractile bladder. Taking 
this view of the subject, Mr Gosse believes that the “respiratory tubes re- 
present the kidneys^ and that the bladder is a true urinary bladder ; ” and 
consequently that the “ rc.spiratory and urinary functions are in the closest 
relation with one another.” This observer, further, finds a decided analogy 
between the above system in the Rotifera and the long and tortuous renal 
tubes of the Insectcif to which class he believes the Rotifera to be most 
nearly allied. 

No central organ of the circulation, or heart, and no organs 
of respiration are present, but the perivisceral cavity is filled 
with a corpusculated fluid. 
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The nervous system of the Rotifera constitutes a bilobate 
cerebral mass, which for its proportionate volume may com- 
pare with the brain of the highest vertebrates.” It is placed 
anteriorly, and usually on the dorsal aspect of the body, and 
the eye — in the shape of a red pigment spot or spots — is 
invariably situated like a wart upon it. Other sense-organs, 
probably tactile, are often present. 


in the form of two knobs surmounted 
by tufts of bristles, placed at the back 
of the head. The ovaries constitute 
conspicuous organs in the female 
Rotifera^ and in summer the eggs 
are produced by the females without 
having access to the males. De- 
velopment is direct. 

The muscular system of the Ro- 
tifera is well developed, consisting 
of bands which produce the various 
movements of the body and foot, 
whilst others act upon the various 
viscera, and others effect the move- 
ments of the jaws. 

The typical group of the Rotifera is that 
of the Notommatiiia {Hydatinca of Ehrcn- 
berg.) In this group (fig. 123) the animals 
are all permanently free, and are never 
comVjined into colonies, while the integu- 
ment is flexilile, and the body is never en- 
cased in a tube. 

Stephattoceros and Floscularia^ on the 
other hand, are fixed, and are enclosed in 
a gelatinous tube which is secreted by the 
animal. Melicerta (fig. 122, 11) inhabits a 
tubular case, which the animal forms for 



itself by means of a special organ for the 
purpose ; whilst Polyarthra and Triarthra 
are protected by a stiff shell, or “lorica.” 
In Triarthra there are ensiform fins. 


Fig. 123. — Rotifera. Kosphora an- 
rita, one of the Wheel-animal- 
cules. Enlarged about 250 dia- 
meters. (.\fler Gosse.) 


jointed to the body by distinct shelly tu- 
bercles, and moved by powerful muscles. These natatory organs arc con- 
siilered by Mr Gosse to be homologous with the articulated limbs of the 
Arthropoda, I^ocomotive appendages are also present in Hexarthvay Polv- 
arthra, and Pedalion. 


In Asplanchna^ whilst the masticatory organs, gullet, and stomach are 
well developed, there is no intestine, the stomach hanging like a globe in 
the centre of the body-cavity, ” but not communicating with the body-cavity. 


As regards their distribution in space, the Rotifera have an 
almost world-wide range. The majority of the known forms 
are inhabitants of fresh water, but a few live in the sea. 
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Affinities of Rotifera. — In their external appearance the 
Rotifera approximate closely to the Infusoria^ but the organ- 
isation of the former presents a very striking advance when 
compared with that of the latter. Thus, in the Infusoria there 
is no differentiated body-cavity, bounded by distinct walls, and 
the alimentary canal is imperfect, the digestive sac simply 
opening inferiorly into the diffluent sarcode of the centre of 
the body. Further, there are no traces of a nervous system, 
and the contractile vesicles, if looked upon as represent! • the 
water- vascular system, are a very rudimentary form of this 
apparatus. In the Rotifera^ on the other hand, the alimentary 
canal forms a complete tube, having an oral and an anal aper- 
ture, and not communicating with the surrounding perivisceral 
cavity ] and there is a well-developed nervous system, and a 
highly complex water-vascular system. A real affinity is found 
to subsist, however, between the Rotifera and the Planarida ; 
both possessing external cilia, a nervous system, and a well- 
developed water-vascular apparatus, the characters of which 
are not dissimilar in the two groups. In the Planarida^ how- 
ever, the sexes are united in the same individual, and there is 
no anal aperture ; whereas in the Rotifera the sexes are dis- 
tinct, and there is a distinct anus. To the true Arthropoda^ 
as already pointed out, the Rotifera show some points of 
affinity, but these are hardly sufficiently numerous or decided 
to warrant the removal of the group from the Scolecida to beside 
the higher Anmdosa, 


LITERATURE. 

General Works. 

1. ‘^Entozoa: an Introduction to the Study of Helminthology.” T. 

Spencer Cobbold. 1864. 

2. “Entozoa: being a Supplement to the Introduction ^o the Study of 

Helminthology.” T. Spencer Cobbold. 1869. 

3. ** The Internal Parasites of our Domesticated Animals.” T. Spencer 

Cobbold. 1874. 

4. “Parasites.” T, Spencer Cobbold. 1879. 

5. “ Die Menschlichen Parasiten.” Rudolf Leuckart. 1863 and 1876. 

6. “On Animal aird Vegetable Parasites of the Human Body.” Kiichen- 

meister. Translated from the German by Dr E. Lankester. 1857. 

7. “ Catalogue of the Species of Entozoa, or Intestinal Worms, contained 

in the Collection of the British Museum.” W. Baird. 1853. 

8. “ The Science and Practice of Medicine. ” W. Aitken. (Vol. ii. con- 

tains an excellent summary of the chief facts concerning the Entozoa 
of Man.) 

9. “^nopsis of Entozoa.” Leidy. 1856. 

10. “ Elements of Medical Zoology.” Moquin-Tandon. Translated from 
the French by Dr Hulme. 1861. 



SCOLECIDA: LITERATURE. 253 

11. Article ^^Entozoa.” Owen. Todd’s ‘ Cyclopaedia of Anatomy and 

Physiology.’ 1839. 

12. ‘‘Helminthology.” Von Siebold. Translated from the German by 

Mr Busk. 1847. 

13. “Memoire sur les Vers Intestinaux.” Van Beneden. 1858. 

14. “ Catalogue of the Specimens of Entozoa in the Museum of the Royal 

College of Surgeons of England.” T. Spencer Cobbold. 1866. 

TyENIADA. 

15. “Tapeworms; their Sources, Nature, and Treatment.” T. Spencer 

Cobbold. 1867. 

16 . “ Les Vers Cestoid es.” Van Beneden. 1858. 

17. “ Ueber die Band- und Blasen-wiirmer.” Von Siebold. 1854. Trans- 

la*“d from the German by Prof. Huxley. 1857. 
iS. “ An Essay on the Tapeworms of Man.” Weinland. 1858. 

19. “On the Anatomy and Development of the Cystic Entozoa.” Prof. 

Goodsir and H. Goodsir. ‘ Anatomical and Patliological Observa- 
tions.’ 1845. 

20. “On the Anatomy and Development of Echinococcus veterinornm." 

T. H. Huxley. ‘ Proc. Zool. Soc.’ 1852. 

21. “On the Structure and Development of Cysticemts ccllnlosic,'' G. 

Rainey. ‘Phil. Trans.’ 1857. 

Trematoda. 

22. “ Entwurf eincr systematischen und .speciellen Bcschreibung der Platt- 

wiirmer.” S. Oersted. 1844. 

23. “ Trematoden-larven und Trematoden.” Pagenstecher. 1857. 

24. “ Memoire sur les Vers Intestinaux.” Van Beneden. 1858. 

25. “On the Alternation of Generations.” Steenstrup. Translated by 

Mr Busk. 1845. 


Turbfli.aria. 

26. “ Catalogue of the British Non-Parasitical Worms in the Collection of 

the British Museum.” Dr Johnston. 1865. 

27. “Beitriige zur Naturgescbichte der Turbellarien.” Max Schullze. 

1861. 

28. “ Symbols PhysicK. ” Ehrenberg. 1831. 

29. “ Unters’’chungen iiber niedere Seethiere ” Leuckart and Pageii- 

.stecher. * Muller’s Ardiiv.’ 1858. 

30. “Monograph of the British Annelid es. Part I. — The Nemerteans. ' 

Dr. W. C. M'Intosh. ‘Kay Society.’ 1873 and 1874. 

31. “ Studicn an Turbellarien.” Minot. * Arbeiten aus dem Zool. Instil. 

in Wiirzburg,’ vol. iii. 

Acantiiockphala. 

32. “On the Acanthoccphali.” R. Leuckart. Translated from the Ger- 

man. ‘Annals of Nat. Hist.’ 1863. 

33. “ On the Development of Schneider. Trans- 

lated from the German in ‘Annals of Nat. Hist.’ 1871. 

Gordiacea. 

34. “On Spharularia Bombi''* Sir John Lubbock. ‘Natural History 

Review.’ 1861 and 1864. 



254 


MANUAL OF ZOOLOGY. 


Nematoda. 

35. ‘*On the Anatomy and Physiology of the Nematoids, parasitic and 

free, with observations on their Zoological Position,” &c. H. C. 
Bastian. ‘ Phil. Trans.* 1866. 

36. “Monograph of the Anguillulidx, or Free Nematoids, marine, land, 

and fresh-water, with descriptions of 100 New Species.” H. C. 
Bastian. ‘Linnean Trans.’ 1865. 

37. “The Microscopic Organisms found in the Blood of Man and Animals, 

and their Relations to Disease.” Lewis. 1879. 

38. “The Life-History of Filaria Bancrofti,” &c. T. Spencer Cobl)old. 

> ‘Journ. Linn. Soc.,’ vol xiv. 1878. 

39. “ On the IJevelopment of Filaria sanguinis-hominis, and on the Mos- 

quito considered as a Nurse.” Manson. ‘ Joiirn. Linn. Soc.,’ vol. 
xiv. 1878. 

Rotiff.ra. 

40. “Infusoria.” Pritchard. 

41. “ Die Infusionsthierchen.” Ehrenberg. 

42. “On the Manducatory Apparatus in the Rotifera.” Gossc. ‘Phil. 

Trans.’ 1856. 

43. “ The Crown Animalcule. ” Gosse. ‘Popular Science Review,’ vol. 

i. 1866. 

44. “The Flower Animalcules.” Gosse. ‘Popular Science Review,’ 

vol. i. 

45. “The Builder Animalcules.” Gosse. ‘Popular Science Review,’ 

vol. i. 

46. “The Natural History of the Hairy- Backed Animalcules {C/uetono- 

Gosse. ‘ Intellectual Observer.’ 1864. 

47. “Ueber den Bau und die Systematische Stellung der Rader-Thierc. ” 

Frantz I.eydig. ‘ Siebold and Kblliker’s Zeitschrift.’ 1854. 

48. Hydatina senta^' Cohn. ‘Zeitschrift fiir Wiss. ZooL’ 1855. 

49. “ Anatomy of Rotifera.” Huxley. ‘Trans. Micros. Soc.’ 1853. 

50. “ On Lacinularia socialis.” Huxley. ‘Trans. Micros. Soc.’ 1851. 


CHAPTER XXVII. 

ANARTHROPODA. 

The division Anarthropoda includes the three classes of the 
Spoon-worms {Gephyrea), the Ringed Worms (Amie/ida)^ and 
the Arrow-worms {Chcetognatha)^ and constitutes the highest 
section of the “Vermes” of modern zoologists. The members 
of this division are characterised by the possession of an 
elongated worm-like body, which usually shows a conspicuous 
composition out of similar, or nearly similar, segments, which, 
however, are not numerically definite. The nervous system, 
in the typical members of the division, consists of a ventrally- 
placed double chain of ganglia, one pair of ganglia correspond- 
ing with each segment, the anterior pair being placed above 
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the gullet, and all being united by longitudinal commissures. 
Lateral locomotive appendages are usually present, but are not 
composed of successive joints, nor are articulated to the body. 
A true blood-vascular system is not developed; but there is 
usually a closed system of ‘‘ pseudohaemal vessels.” 

Gephyrea. 

Class I. Gephyrea { — Sipunculoidea ). — Vermiform marine 
animals^ ivith usually elongated bodies which may be indistinctly 
annulatedy but are not segfnented, and carry no locomotive append- 
ages {peyondy occasionally^ bristles). Ventral nerve-cords not gang- 
lionated ; sexes generally distinct ; a distinct metamorphosis in 
development. 

The members of this class are generally known as “ Spoon- 
worms,” and they form a connecting link between the Echino- 
dermata and the Annelides. The body is worm-like, the in- 
tegument sometimes ringed (fig. 124), but never divided into 



Fig 124.- -Gephyrea. SyriuA- vudits, (After Forbes.) 


distinct segments. There are no ambulacral tube -feet, nor 
foot-tubercles ; but there may be bristles which act as locomo- 
tive organs (as in Echiurus), while in Chcetoderma calcareous 
spines occur in the integument. The outer layer of the in- 
tegument is chitinous, and beneath the skin is a strong mus- 
cular coat of longitudinal and circular fibres. The mouth is 
placed at the front end of the body, and the ciliated alimentary 
canal terminates in an anal aperture which may occupy the 
hinder end of the body, or may be placed far forward on the 
dorsal surface. A retractile or contractile proboscis is present, 
and may be provided with bristles or tentacles. The intestine 
is convoluted, and is suspended freely in a body-cavity, which 
is filled with a corpusculated fluid, kept in circulation by 
ciliary action. A vascular (“ pseudohaemal ”) system may be 
present, or in other cases is not developed. Respiration is 
carried on by the general surface of the body, by hollow ten- 
tacles placed round the mouth {Sipunculus), or by abdominal 
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organs resembling the “ respiratory tree ” of the Holothurians 
(as in Echiurus)y the latter, however, being rather excretory 
than respiratory in function. The nervous system has the form 
of a gangliated oesophageal ring, giving off a ventral cord, 
which is peculiar in not having distinct ganglia developed upon 
it. The sexes are in different individuals (united in some 
species of Sipimculus ) ; and the males may differ greatly from 
the females in form. The reproductive elements often reach 
the exterior by the ducts of certain ciliated sacs, which open 
by pores on the ventral surface of the body, and which corre- 
spond with the “ segmental organs ” of the Annelides. 

In their development., the Gephyrea pass through a metamor- 
phosis, generally of a very striking character. The larva (fig. 
125) is locomotive, and swims about actively, partly by means 
of a ciliary ring placed round the neck, 
and partly by means of ciliated lobes de- 
veloped on the head. In this “actino- 
trocha** stage the larva resembles that of 
the Echinoderms in many respects ; whilst 
the ciliated cephalic lobes call to mind the 
trochal discs of the Rotifers. The further 
process of development is also strikingly 
similar to that characteristic of the Echino- 
clerms, a considerable portion of the larva, 
including the ciliated cephalic expansion, 
being ultimately absorbed. 

Fig. 125.— Larva of /Vwj- The Gephyrea are exclusively inhabitants 

urT^/ShaTpro^ the SCO, mostly burrowing in the sand, 
ceeded to some extent, or hiding in crevices in the rocks. The 
principal and most widely distributed genus 
is Sipimculus, the species of which often inhabit the cast-away 
shells of Univalves, and which ranges from the littoral zone down 
to a depth of 2500 fathoms. 

As to their affinities, the Gephyrea are related, on the one 
hand, to the Holothurians, from which they differ in the absence 
of an ambulacral system,^ in the fact that the integument is 
almost universally incapable of secreting calcareous matter, 
and in the absence of any traces of a radiate arrangement of 
the nervous system. On the other hand, they show their close 
relation to the true Annelides, by their general possession of a 
pseudohaemal system, and of “ segmental organs,” by the form 
of the nervous system, and by the resemblance of their larvae 
to those of many of the Errant Ringed Worms. 

* Siptmcuhts has a system of peculiar water-vessels developed in con- 
nection with the oral tentacles, which may, perhaps, be homologous with 
the ambulacral vessels of the Echinoderms, 
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Annelida. 

Class II. Annelida ( = Annulatd), The Annelida are 
vermiform animals, distinguished from the preceding by the 
possession of distinct external segmentation ; the nervous system 
is composed of a ventral^ double^ gangliated cord^ with an oesopha- 
geal collar and prce-oesophageal ganglion. 

This class comprises elongated worm-like animals, in which 
the integument is always soft, and the body is more or less 
distinctly segmented, each segment usually corresponding with 
a single pair of ganglia in the ventral cord. All the segments 
are similar to one another except those at the anterior and 
posterior extremities of the body. Each segment may also be 
provided with a pair of lateral appendages, but these are never 
articulated to the body, and are never so modified in the region 
of the head as to be converted into masticatory organs. 

In the higher Annelida each segment (fig. 126) consists of 



I'ig. 126. — Diagrammatic transverse section of an Annelide. </ Dorsal arc; v Ventral 
arc ; n Branchijc ; a Noiopodinm, or dorsal oar ; ^ Neuropodium, or ventral oar, both 
carrying seta: and a jointed cirrhus (c). 


two arches, termed, from their position, respectively the dor- 
sal arc ” and the “ ventral arc ; ” and each bears two lateral 
processes, or “ foot-tubercles ” {parapodia\ one on each side. 
Each “ foot-tubercle ” is typically double, being composed of 
an upper process, called the “ notopodium,** or “ dorsal oar,*' 
and a lower process termed the ‘‘neuropodium," or “ventral 
oar ; " but these may be fused together. The foot-tubercles, 

R 
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likewise, support bristles, or “setse,** and a soft cylindrical 
appendage, which is termed the “cirrhus” (fig. 126). 

The number of the segments varies much, being as many as 
400 in Eunice gigantea ; and, generally, there is not a distinct 
head which is separable from the succeeding rings of the body. 
When such a distinct head appears to be present, it is not com- 
parable with the head of the Arthropoihiy but is really a greatly 
modified prac-oral region, or prostomium,” as is shown by the 
position of the mouth. The “ prostomium ” or ‘‘ cephalic 
lobe ” is placed in front of the mouth, ind often carries ‘‘ ten- 
tacles ** above and tactile processes or “ palpi ’* below. 

The digestive system of the Annelides consists of a mouth, 
sometimes armed with horny jaws, a gullet, stomach, intestine, 
and a distinct anus. Except in the Hirtidinea, the alimentary 
canal is suspended in a capacious perivisceral space, divided 
into compartments by more or less complete partitions. The 
alimentary canal is, with one exception, not convoluted, and 
extends straight from the mouth to the anus ; but lateral diver- 
ticula are often present. 

As regards the vascular system, ‘‘no Ann elide ever possesses 
a heart comparable to the heart of a Crustacean or Insect; 
but a system of vessels, with more or less extensively contrac- 
tile walls, containing a clear fluid, usually red or green in 
colour, and in some cases only corpusculated, is very generally 
developed, and sends prolongations into the respiratory organs, 
when such exist” (Huxley). This system has been termed 
the “ pseudohsemal system,” and its vessels are considered by 
Professor Huxley as being “ extreme modifications of organs 
homologous with the water-vessels of the Scolecida : ” since the 
perivisceral cavity, with its contained corpusculated fluid (chyl- 
aqueous fluid), is, as shown by M. de Quatrefages, the true 
homologue of the vascular system of Crustacea and Insects. 
The pseudohaemal system, therefore, of the Annelides is to be re- 
garded as essentially respiratory in function. The pseudohaemal 
vessels are sometimes wanting, and in these cases respiration 
appears to be effected by the cilia lining the perivisceral cavity. 

Respiration is effected by the general surface of the body, or 
by distinct external gills or branchiae. 

The excretory organs of the Annelides are the so-called 
“ segmental organs.” In their simplest form (as in the ordi- 
nary Leeches), each segmental organ is in the form of a much- 
folded tube, partly labyrinthic, partly vesicular, often with an 
appended caecum, and opening externally by a distinct aper- 
ture or “ stigma,^* but having no internal communication with 
the body-cavity. In these cases, the segmental organs may be 
regarded as representing the kidneys of the higher animals. 
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In the higher Annelida^ the segmental organs are usually in 
part subordinated to the function of reproduction. In these 
cases (fig. 127) the inner surface of the convoluted tube, which 
constitutes the segmental organ, is cili- 


ated ; and the tube not only opens ex- 
teriorly by a distinct “ stigma,” but also 
communicates internally with the peri- 
visceral cavity by a widely patulous, 
trumpet - shaped, intern ally-ciliated in- 
fundibulum (fig. 127, /), by which the 
products of generation are taken up and 
conveyed to the outer medium. Very 
usually, also, there are appended to the 
tube of the segmental organ blind glan- 
dular pouches, which represent the 
kidneys, or in other cases caecal appen- 
dices (fig. 127, j) for storing up the gen- 
erative products. 

The nervous system consists of a 
double, ventral, gangliated cord, which 
is traversed anteriorly by the oesopha- 
gus; the “ prae-oesophageal,” or ‘‘cere- 
bral,” ganglia being connected by lateral 
cords or commissures with the “post- 
(esophageal ” ganglia. Pigment-spots, 
or “ocelli,” sometimes of high organ- 
isation, are present in many, generally 
upon the proboscis, sometimes in each 
segment, or on the branchiae, or on the 
tail; and the head often supports two 
or more feelers, which differ from the 


I 



Fig. 127. — Segmental organ of 
of a Cbrntopodous Annelide 
{^AlciuJ>i)y enlarged, o Ex- 
ternal aperture or stigma; t 
Tubular and ciliated portion 
the segmental organ ; j 
Seminal receptacle ; i Cili- 
ated infundibulum opening 
into the body-cavity. (After 
CIai)arcde.) 


“antennae” of Insects and Crustacea in not being jointed. 

The sexes in the Annelida are sometimes distinct, and some- 
times united in the same individual. The embryos are almost 
universally ciliated, and even in the adult cilia are almost 
always, if not always, present — in both of which respects this 
class differs from the Arthropoda. 

The Annelida may be divided into two sections, characterised 
by the presence or absence of external respiratory organs or 
branchiae. The Abranchiate section comprises the Leeches 
and the Earth-worms ; whilst the Branchiate division includes 
the Tube-worms (Tubicola) and the Sand-worms (Errantia). 
The Annelida are also often divided into two sections, called 
Chesiophora and Disedphora, according as locomotion is effected 
by chitinous setae (Earth-worms, Tube- worms, and Sand-worms) 
or by suctorial discs (Leeches), 
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CHAPTER XXVIII. 

ORDERS OF ANNELIDA. 

Order I. Hirudinea {Discophora or Sudorid). — This order 
includes the Leeches, and is characterised by the possession of 
a locomotive and adhesive sucker^ posteriorly or at both extremi- 
ties^ and by the absence of bristles and foot-tubercles. The sexes 
are mostly united in the same individual, and the young do not 
pass through any metamorphosis. 

The Leeches are vermiform, mostly aquatic animals, chiefly 
inhabiting fresh water, though a few species are marine. Loco- 
motion is effected either by swimming by means of a serpentine 
bending of the body, or by means of one or two suctorial discs. 
In those forms in which there is only a single sucker (posterior), 
the head or anterior extremity of the body can be converted 
into a suctorial disc. The body is ringed, as many as one 
hundred annulations being present in the common Leech ; but 
it is not divided into distinct somites, and, with rare exceptions 
(Branchellion), there are no lateral appendages of any kind. 
The mouth is placed at the front end of the body, and may or 
may not be furnished with teeth. The pharynx is muscular ; 
the gullet leads into a stomach with, usually, capacious lateral 
caeca (fig. 128, B) ; and the anus is placed in front of or at the 
bottom of the posterior sucker. The alimentary canal is 
united with the integument by a spongy tissue, formed of 
vascular sinuses, which more or less completely obliterate the 
body-cavity, and in which the blood circulates. The pseudo- 
haemal system generally consists, in addition to the sinuses 
just alluded to, of four principal longitudinal trunks, devoid 
of special dilatations. Respiration is carried on mainly by 
the soft integument, possibly assisted by the “segmental 
organs,” and, in the case of Branchellion, by the vascular 
leaf-like appendages on the sides of the body. The “seg- 
mental organs ” are in the form of a larger or smaller num- 
ber of sacs (fig. 128, B), which open upon the abdominal 
surface by so many pores or “stigmata.” The function of 
these sacculi appears to be excretory, and in the majority of 
the Hirudinea they are closed internally, and only open ex- 
ternally by the “ stigmata.” In some of the Hirudinea, how- 
ever, the “segmental organs” agree with those of the great 
majority of the Annelides in not only opening externally, but 
in also communicating internally with the perivisceral cavity. 
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The segmental organs of the Leeches differ further from those 
of the other Annelida in not being in any way connected with 
the process of reproduction. 

The nervous system consists of a pr3e>oesophageal ganglion, 



Fig. 128. — A, Diagram of the T.ecch, showing the nervous system, ami the ten eye^ 
placed on the top of the head. H, The leech dissected to show the alimentary ran.il 
(/), and the “ segmental organs," or so-called “respiratory sacs" (r r ) ; ns Anterior 
sucker ; /s Hinder sucker ; n n Nervous system ; h Head, carrying the eye-spot s. 


which gives branches to a number of simple eyes, or ocelli, 
which are placed on the head, and which is united by lateral 
cesophageal cords to the ventral gangliated chain. The ven- 
tral chain of the common Leech carries twenty-three succes- 
sive pairs of ganglia, marking the composition of the body out 
of the same number of segments or zonites.*^ 

The sexes are almost always united in the same individual, 
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but the Leeches are nevertheless incapable of self-fertilisation. 
Reproduction, also, is always effected by means of the sexes, 
and never by fission or gemmation. 

The generative products, instead of 
being discharged into the perivisceral 
cavity (as in the Afinclida generally), 
reach the surface by special apertures. 

The ova are deposited in delicate chi- 
tinous capsules or “ cocoons ; ” and the 
young, on being hatched, undergo no 
metamorphosis, but ai e essentially simi- 
lar to the adult in all excej^t their size. 

The C(jmmon Ilorse-leech, ILcmopsis^ is only 
provided with blunt teeth ; but the Medicinal 
Leech {Sangttisii^a medicinalis^ fig. 129) has its 
mouth furnished wfith three crescentic jaws, the 
convex surfaces of which are serrated with 
minute teetli. This species is chiefly imported 
from Germany, Bohemia, and Russia. in 
Sangitisugii oJ)iciualis^ the Hungarian Leech, 
also used in medicine, the abdomen has numer- 
ous black spots. In both species the oral and 
caudal extremities are narrowed before dilating 
into the suckers, and the body has from ninety 
to one hundred rings. The anterior sucker is 
small, w'ith a lancet-shaped upper lip, carrying 
ten ocelli on its superior surface. The posterior 
sucker is round, obliquely placed, and separated 
from the body by a distinct constriction, "rhe 
alimentary canal, usually termed the “stom- 
ach ” in its anterior portion, occupies the 
greater part of the body-cavity, and is furnished with eleven membranous 
pouches or diverticula on each side. There are seventeen segmental organs 
on each side, opening by minute stigmata on the lower surface of the body. 
The opening of the male reproductive organs is in the anterior third of the 
body, between the twenty-seventh and twenty-eighth rings; that of the 
female organs, in the form of a small fissure, five rings behind. Impregna- 
tion of the hermaphrodite individuals is mutual, and the ova are deposited 
in moist earth, within a cocoon, where they remain until hatched. I'he 
marine Pontobdella have the body tuberculated, and attach themselves to 
the bodies of fishes, especially skates. The anterior sucker is separated in 
these from the body by a distinct constriction or neck. In the little fresh- 
water Clepsines the anterior sucker is w'anting, and there is a proboscidi- 
form mouth. They -are found attached to the stems of water-plants, or to 
aquatic animals of different kinds. Bramhiobdella lives upon the gills of 
Crustaceans ; and Branchellion infests the gills of various Fishes, such as 
the Turbot. A few Leeches inhabit damp situations on land. 

Order II. OLioociiiETA {Terricola). — The members of this 
order, comprising the Earth-worms {Lumbricidee) and the 
Water-worms (Na/didts), are distinguished by the fact that 
their locomotive appendages are in the form of chitinous setce or 



FiK- 12 — Hinulinea. a 'J’he 
Medicinal Leech {Sattg^ut- 
suga qpidnn/is), initural size; 
b Anterior extremity of the 
same magnified, showing the 
sucker and trirad iate jaws ; 
c One of the jaws detached, 
showing the semicircular 
toothed margin. 
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bristles attached in rows to the sides and ventral surface of the 
body. No branchice are present. They are all hermaphrodite ; 
and the young pass through no metamorphosis. The Oligochceta 
are divided into the two groups of the Terricolce or Earth-worms, 
and the Limicolce or Mud- worms and Water- worms {Scenuridce 
and Naididce). 

In the common Earth-worm {Lumbricus) the body is cylin- 
drical, attenuated at both extremities, and carrying in the adult 
a thickened zone, which occupies from six to nine rings in 
the anterior part of the body, is connected with reproduc- 
tion, and is termed the ‘‘ clitellum,’^ or “ saddle.” Locomo- 
tion is effected by eight rows of short bristles or setae, four of 
which are placed laterally and four on the ventral surface of 
the body \ these representing the foot-tubercles of the higher 
Annelides. The mouth is edentulous, and opens by a muscu- 
lar pharynx into a short oesophagus, which leads to a muscular 
cpop, or ‘‘ pro-ventriculus,” succeeded by a second muscular 
dilatation, or gizzard. Salivary glands open into the pharynx, 
and other glands, probably digestive, open into the gullet. 
The intestine is continued straight to the anus, and is con- 
stricted in its course by numerous transverse septa, springing 
from the walls of the perivisceral cavity. The perivisceral 
cavity (as in all the Oligochceta) is lined by a cellular mem- 
brane, which is continuous with a yellow cellular layer cover- 
ing the intestine and large vessels, and which casts off its cells 
into the perivisceral fluid. The pseudohoemal system consists 
of three principal longitudinal trunks and their branches, filled 
with a red non-corpusculated fluid ; and there exists, in even 
greater numbers, the same series of lateral sacculi or “ segmen- 
tal organs ” which we have seen in the Leeches, and which 
have either a respiratory or a renal function. In all the 
Oligochceta the segmental organs communicate internally wdth 
the perivisceral cavity as well as externally Avith the outer 
medium. A portion of the segmental organs is ciliated, and 
in all cases the segmental organs of certain of the segments 
have the special function of acting as efferent ducts for the 
generative organs. The body-cavity is filled with a colourless 
corpusculated “ blood.” The reproductive organs consist of 
two pairs of testes, opening on the fifteenth segment, and one 
pair of ovaries, of which the oviducts open on the fourteenth 
segment. In addition, the animal also possesses a pair of 
seminal reservoirs in the tenth and eleventh rings, and five 
pairs of glands for secreting the capsules of the eggs. Tlie 
ova are deposited in chitinous capsules, and the young pass 
through no metamorphosis. 
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Of the little Ndididae^ the most familiar is the Tubifex rivii- 
lor urn, which is of common occurrence in the mud of pontls 
and streams'. It is from half an inch to one inch and a half in 
length, and of a bright-red colour. The pseudohaemal system 
is provided with two contractile cavities or hearts ; and there 
is present the same system of lateral tubes, opening externally 
by pores, as occurs in the Earth-worms. 

The Ndididce are chiefly noticeable on account of the sing^ular process of 
non-sexual reproduction which they present before they attain sexual ma- 
turity. In this process the Ndis throws out a bud between two rings, at a 
point generally near the middle of the body. Not only is this bud devel- 
oped into a fresh individual, but the two portions of the parent marked 
out by the budding point likewise become developed into separate indivi- 
duals. The portion of the parent in front of the bud develops a tail, whiLt 
the portion behind the bud develops a head. Prior to the detachment of 
the bud, other secondaiy buds are formed from the same segment, each in 
front of the one already produced ; and in this way, before separation lakes 
place, a chain of organically connected individuals is produced, all of which 
are nourished by the anterior portion of the primitive worm. Besides their 
non-sexual reproduction, the Ndididce possess generative organs when adult, 
and exhibit true sexual reproduction. With the development of the gen- 
erative organs, a new segment is added to the body, and certain other modi- 
fications take place ; so that the process of attaining sexual maturity is 
actually attended with a species of metamorpliosis. 

As regards their distribution in space, the OligocJueta have 
a cosmopolitan range. The most are either terrestrial, or in- 
habit fresh waters, burrowing in mud or sand ; but a few are 
marine. 

Order III. Tubicot.a {Cephalobraitchiatd), — Animal pro- 
tected by a tube ; locomotive organs in the fonn of foot-tnbcrclcs^ 
carrying seta ; breathing-organs in the form of branchice carried 
on or near the head. Sexes almost ahvays distinct A mefamor- 
phosis in det^elopment. The Annelides which are included in 
this order inhabit tubes, which may be calcareous, and secreted 
by the animal itself, or may be composed of grains of sand 
or pieces of broken shell, cemented together by a glutinous 
secretion from the body. The body-rings are mostly provided 
with fasciculi of bristles set upon lateral foot-tubercles or para- 
podia, by means of which the animal is enabled to draw itself 
in and out of its tube. 

The Tubicola are often united with the order of the Errantia 
under the name of PolychcBta ; and though collectively spoken 
of as “ Branchiate Annelides,” they do not always possess 
specialised respiratory organs. 

The protecting tube of the Tiibicolous Annelides may be 
composed of carbonate of lime (Scrpula), of grains of sand 
(Sabellaria\ or of sand, pieces of shell, and other adventitious 
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particles cemented together by a glutinous secretion from the 
body ( Terebella) \ or it may be simply membranaceous or leath- 
ery {Sabella), Sometimes the tube is free and non-adherent 
(Pectinaria) ; more commonly it is attached to some submarine 
object by its apex or by one side {Serpula and Spirorbis). 
Sometimes the tube is single (Spirorbis); sometimes the animal 
is social, and the tubes are clustered together in larger or 
smaller masses (Sabellaria), 

When the tube is calcareous, it presents certain resemblances 
to the shells of some of the Molluscs, such as Vermetus and 
Dentalium, In the living state it is easy to make a distinction 
between these, for the Tubicolar Annelides are in no way 
organically attached to their tubes, whereas the Molluscs are 
always attached to their shell by proper muscles. 

The pseudohaemal system has its usual arrangement, and 
the contained fluid is usually red in colour, but is olive-green 

in Stbella. The respiratory or- 
gans are in the form of filament- 
ous branchiae, attached to, or 
near, the head, generally in two 
lateral tufts, arranged in a funnel- 
shaped or spiral form. Each 
filament is fringed with vibrating 
cilia, and the tufts are richly sup- 
plied with fluid from the pseudo- 
haimal system. There is no spe- 
cial apparatus required to drive 
the blood back to the heart, but 
this is effected by the contractile 
power . of the gills themselves. 
' " showing" if^r'l^n.-hT'e l''rom tlic position of the brancliice 

‘ upon. Of near, the Iiead, the Tu- 

bicola are often known as the 
“ cephalobranchiate Annelides (fig. 130). 

Reproduction in the Tubicola is generally sexual, the sexes 
being almost invariably in different individuals ; but fission has 
also been noticed to occur. As regards their development, 
the young pass through a distinct metamorphosis. The larvai 
(fiS* A and D) are freely locomotive, furnished with eye- 
spots, and swimming actively by means of cilia, which are 
principally aggregated into two rings or circlets, one placed 
on the head, the other at the hinder end of the body. The 
tentacles are developed at an early period, and the larva un- 
dergoes segmentation. Finally, the cilia disappear, the larva 
becomes stationary, and the protective tube of the adult is 



^ c A.../. 
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secreted. The young Tubicolar Annelide thus resembles the 
permanent condition of the Errant forms ; and the stationary 



Fi^. 131. — development of Tnhicolar .iml Kiranl Anncl.’des A, Larva of 'I'nrbt'lla I 
o Pf)sition of the mouth ; a Anus, .sutrounded hy the ptjsterior circlet of cilia; c An- 
terior circlet of cilia; / I'entacle. 1 >, Polytrochal larva of Arcnkola; C, I,arva of 
Pnylloiiocc. J), I,arva of ; tt 'I'enlac’.cs. All the fi^ure-s are t;ieatly 

magnified. (After Claparedc, Schult/e, and A. Agassiz.) 


condition of the adult, accompanied by the loss of its sense- 
organs, may be regarded as an instance of “ retrograde de- 
velopment/' 

The most familiar of the Tubicola is the Serpula (fig. 130, rz), the con- 
torted and winding calcareous tubes of which must be known to almost 
every one as occurring on shells or stones on the sea-shore. One of the 
cephalic cirrhi in Serpula is much developed, and carries at its extremity 
a conical plug, or operculum, whereby the mouth of the tube is closed 
when the animal is retracted within it. The operculum of Serpula has a 
more than ordinary interest in the fact that it is the only instance in the 
Annelida in which calcareous matter is deposited w’ithin the integument. 
In Spirorlns (fig. 130, b) the shelly tube is coiled into a flat spiral, one 
side of which is fixed to some solid object. It is of extremely common 
occurrence on the fronds of sea-weed and on other submarine objects. 

Equally familiar w^th Serpula is lerebella, the animal of which is in- 
cluded in a tube composed of sand and fragments of shell, cemented together 
by a glutinous secretion. In the Sabellidm the tube is composed of granules 
of sand or mud. In PecHnaria the tul)e is free, membranous, or papyra- 
ceous, covered with sand-grains, and in the form of a reversed cone of con- 
siderable length. In Phoronis, the tube is membranous, and the branchix* 
are carried upon a horse-shoe-shaped process, which is strikingly similar to 
the ‘*lophophore ” of the Palyzoa. 


Order IV. ERRAmiA {C/icelo/>oda, ox Nereidea), — Thi.s order 
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comprises free Annelides,* which possess setigerous foot-tubercles. 
The respiratory organs are generally in the form of tufts of ex- 
ternal branchm^ arranged along the back or the sides of the body. 
The sexes are distinct^ and the young pass through a metamor- 
phosis. This order includes most of the animals which are 
commonly known as Sand -worms and Sea- worms, together 
with the familiar Sea-mice. 

The integument is soft, and the body is distinctly divided 
into a number of rings or segments, each of which, in the 
typical forms, possesses the following structure. The segment 
consists of two arches, a lower or “ ventral arc,” and an 
upper or “ dorsal arc,” with a “ foot-tubercle ” on each side. 
Each foot-tubercle consists of an upper process, or “noto- 
podium,” and a lower process, or neuropodium,” each of 
which carries a tuft of bristles, or ‘"setae,” (rarely, a single 
bristle) and a species of tentacle termed the “ cirrhus ” (fig. 
126). 

The outer, cuticular layer of the body is generally more or 
less chitinous, and is often iridescent. Below this is a mus- 
cular layer, by which the movements of the animal are efifected, 
and which encloses the “ perivisceral cavity.” This cavity 
runs the whole length of the body, and is lined by a special, 
often ciliated membrane, which is reflected upon the alimen- 
tary canal and other internal organs. It is usually more or 
less subdivided by imperfect partitions, and is filled with an 
albuminous fluid containing floating corpuscles, and corre- 
sponding with the blood. This so called “ chylaqueous fluid,” 
“ performs one of the functions of an internal skeleton, acting 
as the fulcrum or base of resistance to the cutaneous muscles, 
the power of voluntary motion being lost when the fluid is let 
out ” (Owen). 

The anterior extremity of the body is usually so modified 
as to be distinctly recognisable as the head, and is provided 
with eyes, and with two or more feelers, which are not jointed, 
and are therefore not comparable with the antennjc of Crus- 
tacea and Insects. The mouth is placed on the inferior sur- 
face of the head, and is often furnished with one or more pairs 
of horny jaws, working laterally. The pharynx is muscular, 
and forms a sort of proboscis, being provided with special 
muscles, by means of which it can be everted and again re- 
tracted. In most there is no distinction between stomach and 

* Fritz Muller describes an errant Annelide belonging to tlic Amphino- 
mida as living parasitically within the shell of the common Jiavnacle 
iLepas)f showing that the members of this group may sometimes lose their 
free habit. 
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intestine, and the epithelium of the alimentary canal, like that 
of the preceding orders, is ciliated. 

The pseudohsemal system is well developed, and consists 
essentially of a long dorsal vessel, and a similar ventral one, 
connected by transverse branches, and sometimes furnished at 
the bases of the branchire with pulsating dilatations. The 
contained fluid is mostly red, but is yellow in Aphrodite and 
Pofynoe, and in no case contains corpuscles. 

Respiration is carried on by means of a series of external 
branchiae or gills, arranged in tufts upon the sides of the body 
on its dorsal aspect, along the middle of the body only, or 
along its entire length ; but in some forms the gills may be 
rudimentary or wanting. From the position of the branchiae, 
the members of this order are often spoken of as the Dorsi- 
branchiate” (or more properly “ Notobranchiate”) Annelides. 
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they are always specialised to act as efferent ducts for the re- 
productive organs. 

The nervous system in the Errantia has its typical form, 
consisting of a double gangliated ventral cord, two ganglia of 
which are appropriated to each segment. The prae-oesopha- 
geal, or cerebral, ganglia are of large size, and send filaments 
to the ocelli and feelers. 

The sexes in the Errantia are in different individuals, and 
reproduction is usually sexual, though in some cases gemma- 
tion is known to occur. The process of gemmation is carried 
on by a single segment, and so long as it continues, the bud- 
ding individual remains sexually immature, though the young 
thus produced develop generative organs. Thus, there is in 
these cases a kind of alternation of generations, or rather an 
alternation of generation and gemmation ; the oviparous indi- 
viduals producing eggs from which the gemmiparous indi- 
viduals are born ; these, in their turn, but by a non-sexual 
process, producing the oviparous individuals. While the form 
of gemmation just alluded to has long been known as not 
uncommonly taking place among the Errant Annelides, no 
example of continuous gemmation has until lately been re- 
cognised in any Annelide. Recently, however, Dr MTntosh 
has described a remarkable species of Syllis (S. raniosa), which 
inhabits a Hexactinellid Sponge from the Philippines, and in 
which the thread-like body is intricately branched, giving off 
lateral offsets, and thus becoming a truly composite organism. 
This singular form is further remarkable in the fact that no 
traces of a /lead have hitherto been discovered, so that it is 
probable that the entire branched organism possessed but a 
single head. 

Not only dots gemmation occur among the Errant Anne- 
lides, but, in a few instances, fission has been noticed to take 
place. Occasionally, also, the males and females differ from 
one another, and both may differ from the sexless forms, when 
these exist. Thus, Heteronercis is founded upon the sexless 
forms of Nereis; whilst the species of the genus Aidtolytus, 
amongst the Syllidca^ exhibit a still more remarkable poly- 
morphism, the males and females being extremely dissimilar, 
and there being in addition a third sexless form, which pro- 
duces the sexual individuals by gemmation at its hinder 
extremity. 

The embryo usually appears, on its liberation from the 
ovum, as a free-swimming, ciliated body, possessing a mouth, 
intestine, and anus. The cilia are primarily diffused, but 
become aggregated so as to form a single median belt, or two 
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bands, one about each extremity, or a series of bands (fig, 13 1, 
B and C). The head, with its feelers and eye-specks, appears 
at one extremity, whilst the segments of the body begin to be 
formed at the other. Each segment is developed in four parts, 
the two principal ones forming half-rings, united by shorter 
side-pieces, from which the setigerous foot-tubercles are de- 
veloped. The ciliated band or bands finally disappear, and 
new rings are rapidly added by intercalation between the head 
and the segments already formed. 

Amongst the best known of the Errantia is the common Lob-worm 
(Aremcola piscatorum, fig. 1 33, C), which is used by fishermen for bait. 
The I>ob-worm lives in deep canals, which it hollows out in the sand of 
the sea-shore, literally eating its way as it proceeds, and passing the satid’ 



^33* — Errant Annelides. A, Hairy-bait ; B, .Sea-mouse ; 

C, Lob-worin {Aremcola). (After Gosse.) 

through the alimentary canal, so as to extract from it any nutriment which 
it may contain. It possesses a large head, without eyes or jaws, and with 
a short proboscis. There are thirteen pairs of branchiae placed on each 
side in the middle of the body. 

In the Sea-mou.se {Aphroi/ilc, fig. 133, B), the back is covered with a 
double row of mcniBranous imbricated plates, which are called “elytra,” 
or “ squamsc, ” and respiration is effected by the periodical elevation and 
depression of these plates, whereby water is alternately admitted into, and 
expelled from, a space beneath them. This space is separated by a mem- 
brane from the perivisceral cavity below, and contains the gills in the form 
of small fleshy crests. The pharynx is thick and muscular, and can be 
everted like a proboscis, and the intestine has a number of lateral branched 
ciEca. 

In the Nereida, or “ Sea-centipedes,” the body is greatly elongated, and 
consists of a great number of similar segments, with rudimentary branchice. 
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The head is distinct, and carries eyes and feelers, whilst the mouth is fur- 
nished with a large proboscis, and often with two horny jaws. In the 
Eunicca the branchioe are usually well developed and of large size, and the 
mouth is armed with seven, eight, or nine h<)rny jaws. Eunice _^ri_irantca 
attains sometimes a length of over four feet, and may consist of more than 
four hundred rings. 

All the Errant Annelides are marine, occurring in all seas 
from the Arctic Ocean to the equator, and extending to great 
depths. A few forms {e. Tomopteris) are pelagic. Others 
live in sand and mud ; whilst others hide under stones, or in 
fissures in rock-pools ; and others, again, bore holes in calca- 
reous rocks. A few live as “ commensals on other animals. 

Distriuution of Annelida in Time. — Of the Annelida 
the only orders which are known to have left any traces of 
their existence in past time are the Tubicola and the Errantia ; 
of which the former are known by their investing tubes, whilst 
the latter are recognised by the tracks which they left upon 
ancient sea-bottoms, or by their burrows in sand or mud, or, 
more satisfactorily, by their horny jaws, remains of this latter 
nature being known from deposits as old as the Lower 
Silurian. 

Tubicolar Annelides arc known to occur from the Silurian 
rocks upwards. The well-known Silurian fossil Tentaculites, 
has been often referred to the Tubicola^ but is almost certainly 
Pteropodous. Cornulites, SerpuliteSy Ortoniay Trachydermay 
Spirorbisy and Conchicoiites are, however, genuine Silurian 
7 \{bicola, The Microconchus carkmarins is a liule spiral Tubi- 
colar Annelide, nearly allied to the Spirorbis (fig. 130, b) of our 
seas, which is not uncommonly found in strata belonging to 
the Carboniferous period ; and the genus Spirorbis itself is 
rei)resented even in the Silurian period. 

Class III. CiiiETOGNAXHA (Huxley). — Elongated cylindrical 
animals having the hinder extremity of the body furnished with an 
integumentary fin. Anterior end of the body provided with sehe 
and corneous jaios. No foot-tubercles. Sexes united in the same 
individual. 

This class includes only the singular pelagic animals belong- 
ing to the genus SagittUy the precise systematic position of 
which is somewhat doubtful. They appear, however, to form 
a connecting link between the Annelides on the one hand, and 
the free Nematoids on the other hand. 

The Sagittce (fig. 134) have elongated transparent bodies, 
rarely over an inch in length, having the hinder end of the 
body expanded into a striated caudal fin, similar fins often 
existing on the sides of the body as well. The head car- 
ries a series of setae placed m front of the mouth, and the 
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oral aperture is furnished with unciform corneous bristles or 
“ fakes,” which act as jaws. The alimentary canal is straight, 
and terminates in an anus placed at the base of the tail 
below. 

“A single oval ganglion lies in the abdomen, and sends, 
forwards and backwards, two pairs of lateral cords. The 

lateral cords unite in 



Fig. 134. — Morphology of Ch(Ftogtiatha. A, Sag- 
iiia tricuspidata^ of the natural size ! o One of the 
ovaries j Orifice of one of male organs of re- 


front of and above the 
mouth into a hexagonal 
ganglion. This gives off 
two branches which dilate 
at their extremities into 
the spheroidal ganglia, 
on which the darkly pig- 
mented imperfect eyes 
rest. The ovaries, sac- 
cular organs, lie on each 
side of the intestine and* 
open on either side of the 
vent ; receptacnla semUiis 


production. B, Head of the same, viewed from are present. Behind the 

anus, the cavity of the 
tapering caudal part of 
the body is partitioned into two compartments ; on the lateral 
])arietes of these, cellular masses are developed which become 
detached, and, floating freely in the compartment, develop into 
spermatozoa. These escape by spout-like lateral ducts, the 
dilated bases of which perform the part of vesiadcs semuiales. 
The embryos are not ciliated, and undergo no metamorphosis ” 
(Huxley). 

The species of Sagitta are found, living in the open sea, in 
the Mediterranean, and in the Atlantic and Pacific Oceans. 
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CHAPTER XXIX. 

ARTHROPODA, 

Division II. Arthropoda, or Articulata. — The remaining 
members of the sub-kingdom Annulosa are distinguished by 
the possession of jointed appendages, artiadated to the body; and 
they form the second primary division — often called by the 
name Articulata. As this name, however, has been employed 
in a wider sense than is understood by it here, it is perhaps 
best to adopt the more modern term Arthropoda. 

The members of this division, comprising the Crustacea 
(Lobsters, Crabs, 4 S:c.), the Arachnida (Spiders and Scorpions), 
the Myriapodd (Centipedes), and the Insecta, are distinguished 
as follows : — ^ 

The body (fig. 112) is composed of a series of segments, 
arranged along a longitudinal axis ; each segment or “ somite/’ 
occasionally, and some almost always, being provided with 
articulated appendages. Both the segmented body and the 
articulated limbs are more or less completely protected by a 
chitinous exoskeleton, formed by a hardening of the cuticle. 
The appendages are hollow, and the muscles are prolonged into 
their interior. The nervous system in all, at any rate in the em- 
bryonic condition, consists of a double chain of ganglia, placed 
along the ventral surface of the body, united by longitudinal 
commissures, and traversed anteriorly by the oesophagus. The 
haemal system, when differentiated, is placed dorsally, and con- 
sists of a contractile cavity, or heart, provided with valvular 
apertures, and communicating with a perivisceral cavity, con- 
taining corpusculated blood. Respiration is effected by the 
general surface of the body, by gills, by pulmonary sacs, or by 
tubular involutions of the integument, termed ‘‘ tracheie.” In 
no member of the division are vibratile cilia known to be de- 
veloped. According to Professor Huxley, an additional con- 
stant character of the Arthropoda is to be found in the structure 
of the head, which is typically composed of six segments, and 
never contains less than four. 

The Arthropoda are divided into four great classes — viz., 
the Crustacea, the Arachnida, the Myriapoda, and the Insecta ; 
which are roughly distinguished as follows : — 

I. Crustacea. — Respiration by means of gills, or by the 
general surface of the body. Two pairs of antennee. Locomotive 
appendages, more than eight in number, borne by the segments of 
the thorax and, usually, of the abdomen also. 
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2. Arachnida. — Respiration by pulmonary vesicles^ by trachece^ 
or by the general surface of the body. Head aiid thorax united 
into a ccphalothoi'ax. Antennce {as such) absent. Legs eight. 
Abdomen without articulated appetidages. 

3. Myriapoda. — Rcspiratiofi by trachece. Head distinct ; re- 
mainder of the body composed of Jiearly similar somites. One pair 
of antennce. Legs nmnerous. 

4. Insect A. — Respiration by trachecB. Head, thorax, a?id 
abdomen distinct. One pair of antennce. Three pairs of legs 
bor7ie on the thorax. Abdomen destitute of li?nbs. Genei'ally 
tivo pairs of wings on the thorax. 


CHAPTER XXX. 

CRUSTACEA. 

Class I. Crustacea. — The members of this class are com- 
monly known as Crabs, Lobsters, Shrimps, King-crabs, Bar- 
nacles, Acorn-shells, &c. They are nearly allied to the suc- 
ceeding order of the Ai'achnida (Spiders and Scorpions) ; but 
may usually be distinguished by the possession of articulated 
appendages upon the abdominal segments, by the possession 
of two pairs of antennie, and by the presence of branchiae. 

The body is composed of a number of definite rings or seg- 
ments (“ somites’^), each of which may be provided with a pair 
of jointed appendages. With rare exceptions, some of the 
somites of the adult always carry appendages ; and one or 
more pairs are almost invariably adapted for mastication. The 
nervous system of the embryo has the typical Annulose form 
of a chain of ventral ganglia, between the first two pairs of 
which the gullet passes. No water- vascular system is present ; 
but there is generally a true blood-vascular system. The heart, 
when present, is placed on the opposite side of the alimentary 
canal to the ventral nerve-chain, and communicates by valvular 
apertures with a surrounding venous sinus — the so-called “ peri- 
cardium.’’ When differentiated breathing-organs are present, 
these are always in the form of branchiae or gills, adapted for 
respiring air dissolved in water. 

In addition to these characters, the body in the Crustacea 
is always protected by a chitinous or sub-calcareous exoskele- 
ton, or “ crust,” and the number of pairs of articulated limbs 
is generally from five to seven. They all pass through a series 
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of metamorphoses before attaining their adult condition, and 
every part that is found in an embryonic form, even though 
only temporarily developed, may be represented in a perma- 
nent condition in some member of a lower order. 

As regards the classification of the Crustacea, the tabular 
view which follows embodies the arrangement which is most 
generally adopted, and the diagnostic characters of each order 
will be briefly given, a more detailed description being reserved 
for the more important divisions of the class. Before proceed- 
ing further, however, it will be as well to give a description of 
the morphology of a typical Crustacean^ selecting the lobster 
as being as good an example as any. 

The body of a typical Crustacean may be divided into three 
regions — a head, a thorax^ and an abdoftien^ each of which is 
composed of a certain number of somites, though opinions 
differ both as to the number of segments in each region, and 
as to their number collectively. By the majority of authorities 
the body is looked upon as being typically composed of twenty- 
one segments, of which seven belong to the head, seven to the 
thorax, and seven to the abdomen. In many Crustacea, how- 
ever, the segments of the head and thorax are welded together 
into a single mass, called the ‘‘ cephalothorax ; in which case 
the body shows only two distinct divisions, of which the cephalo- 
thorax claims fourteen segments, whilst the remaining seven are 
allotted to the abdomen. By Professor Huxley, on the other 
hand, the terminal joint of the abdomen, termed the “ telson,*’ 
is regarded as an appendage, and not as a somite. Upon this 
view, the body of a typical Crustacean will consist of twenty 
segments only. Professor Huxley, further, differs from the 
above-mentioned view in the allotment of the somites, and he 
divides the body into six cephalic, eight thoracic, and six ab- 
dominal somites.* Fritz Muller and Claus deny that the eyes 
are limbs, or that there is an ocular segment. The telson, on 
the other hand, is regarded by the former as a true somite, 
chiefly because the intestine usually opens in this piece. 

Whilst the normal number of segments in the body of any 
Crustacean may thus be regarded as being twenty -one, or 
twenty, there occur cases in which this number is exceeded, 
and others in which the number of somites is apparently less. 
In these latter cases, however, the apparent diminution in the 

* In reality the five hindmost segments of the eight somites here allotted 

to the thorax, should alone be regarded as constituting the abdomen proper, 
—that is, the region corresponding to the “abdomen ’°of insects and Arach- 
nida. The six somites allotted above to the abdomen belong to what is 
strictly called the ** post-abdomen'* of the Crttstaua, 
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number of segments is really due to some having been fused 
together, as is shown by the number of appendages, since each 
pair of appendages indicates a separate somite. In other cases, 
however, in which the number of somites is really less than the 
normal, this is due to an arrest of development. According to 
Miln e-Edwards : — 


In the embryo these segments are formed in succession 
from before backwards, so that, when their evolution is checked, 
the latter, rather than the earlier, rings are those which are 
wanting ; and, in fact, it is generally easy to see in those speci- 
mens of full-grown Crustaceous animals, whose bodies present 
fewer than twenty-one segments, that the anomaly depends on 
the absence of a certain number of the most posterior rings of 
the body.” According to Dana, however, the abortion of seg- 
ments with their appendages almost always takes place at the 
posterior end of the cephalothorax. 

In no single example can a general view be obtained of the 
different segments and their appendages in the Crustacea, 
“ Indeed the only segment that may be said to be persistent 
is that which supports the mandibles, for the eyes may be 
wanting, and the antennae, though less liable to changes than 
the remaining appendages, are nevertheless subject to very 
extraordinary modifications, and have to perform functions 
equally various. Being essentially and typically organs of 
touch, hearing, and perhaps of smell, in the highest Decapods, 
they become converted into burrowing organs in the Scyilaridce^ 
organs of prehension in the Aferostomata^ claspers for the male 


in the Cyclopoidea, and organs of at- 
tachment in the Cirripedia, Not to ^ ^ _ 

multiply instances, we have presented ^ 

to us in the Crustacea probably the . . .V ^ 
best zoological illustration of a class, ^ " 

constructed on a common type, retain- ^ / 

ing its general characteristics, but ca- ^ ^ 

pable of endless modification of its of 

parts, so as to suit the extreme re- tegmnomary skeleton of 

c 1. • >» the Crustacea (after Milne-Kd- 

quirements of every separate species wards), d, Dorsal arc : t t 
(H. Woodward). Tcrg;x\ pieces; e e Epimeral 

' rp t • .1 ' -r t //- pieces. V, Ventral arc : f ^ 

laking the common Lobster (ng. Siemal pieces;// Epistemal 

136) as a good and readily obtainable 
type of the Crustacea^ the body is at 

once seen to be composed of two parts, familiarly called the 
head ” and the ** tail,*^ the latter being jointed and flexible. 
The so-called “ head ” is really composed of both the head, pro- 
perly so called, and the thorax, which have coalesced so as to 
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form a single mass, technically called the cephalothorax.” 
The so-caJ^fi “tail,” on the other hand, is truly the “abdo- 
men.” THie various appendages of the animal are arranged 



136.— The common Lobster {Honiarus 7 /ulgaris\ viewed from below, a The lesser 
• antennae ; «' The greater antennae; n The last pair of foot-jaws ; c 'I'hc great claws, 
or first pair of legs; d e / g The last four pairs of walking legs; h i j k I m 
The six pairs of abdominal appendages, the last five being “ swimmcrcls,” and 
the last' of all being greatly expanded ; t The last segment of the body, without 
appendages. 


along the lower surface of the body, and consist of the feelers, 
jaws, claws, legs, &c. The entire body, with the articulated 
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appendages, is enclosed in a strong chitinous shell,” or exo- 
skeleton, and the cephalothorax is covered by a great cephalic 
shield or plate, which is termed the “ carapace.” 

Each segment of the body may be regarded as essentially 
composed of a convex upper plate, termed the ‘‘tergum,” 
which is closed below by a flatter plate called the “ sternum,” 
the line where the two unite being produced downwards 
and outwards, into a plate, which is called the ‘‘pleuron” or 
“pleura” (fig. 137, 2). 

Strictly speaking, the composition of the typical somite is considerably 
more complex, each of the primary arcs of the somite being really com- 
})osed of four pieces. The tergal arc is composed of two central pieces, 
one on each side of the middle line of the body, united together and con- 
stituting the “tergum” proper. The superior arc is completed by two 
lateral pieces, one on each side of the tergum, which are termed the 
“epimera.” In like manner the ventral or sternal arc is composed of a 
central plate, composed of two pieces united together in the middle line, 
and constituting the “sternum” proper; the arc being completed by two 
lateral pieces, termed the “epistema.” These plates are usually more or 
less completely anchylosed together, and the true structure of the somite 
in these cases is often shown by what are called “apodemata.” These 
are septa which proceed inwards from the internal surface of the somite, 
penetrating more or less deeply between the various organs enclosed by 
the ring, and always proceeding from the line of junction of the different 
pieces of the segment (fig. 135). 

It must be borne in mind that though the so-called “head ” — that is to 
say, the “cephalothorax” — of the Lobster is produced by an amalgama- 
tion of the various somites of the head and thorax, this is not the case with 
the great shield which covers this portion of the body. This shield — the 
so-called “cephalic buckler,” or “carapace” — is not produced by the 
union of the tergal arcs of the various cephalic and thoracic segments, as 
would at first sight appear to be the case. On the contrary, the “ cara- 
pace ” in the b.igher Crusiacea is produced by an enormous development 
of the tergal pieces, or of the “epimcra”or one or two of the cephalic 
segments : the tergal arcs of the remaining somites being overlapped by 
the carapace and remaining undcvelot>ed. 

Examining the somites from behind forwards (for simpli- 
city’s sake), the last segment comes to be first described. This 
is the so-called “telson,” which forms the last articulation 
of the abdomen, and never bears any appendages. For this 
reason, many authorities do not regard it as a somite, properly 
speaking, but simply as an azygous appendage — that is to say, 
as an appendage without a fellow. In the next segment (the 
last but one, or the last, of the abdomen, according to the view 
which is taken of the “ telson there is a pair of natatory ap- 
pendages, called “ swimmerets.^’ Each swimmeret (fig. 137, 2) 
consists of a basal joint, which articulates with the sternum, 
and is called the “protopodite” or propodite, and of two 
diverging joints, which are attached to the former ; the outer 
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of these being called the “exopodite,” and the inner the 
“ endopodite.” In this particular segment, the exopodite and 
the endopodite are greatly expanded, so as to form powerful 



Fig. 137. — Morphology of Lobster, i. T.obster, with all the appendages, except the ter- 
minal swimmerets, removed, and the abdominal somites separated from one another : 
ca Carapace; t Tdlson. 2. The third abdominal somite separated : /Tergum ; f Ster- 
num ; / Pleura ; a Protopodite ; & Exopodite ; c Endopodite. 1. One of the last 
pair of foot-jaws or maxillipcdes : e Epipodite ; ^ Gill ; the other fetters as before. 


paddles, and the exopodite is divided into two by a transverse 
joint. In the succeeding somites of the abdomen — with the 
exception of the first, in which there is some modification — 
the appendages are in the form of swimmerets, essentially the 
same as those attached to the penultimate segment, and differ- 
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ing only in the fact that the exopodite and endopodite are 
much narrower, and the former is undivided (fig. 136). The 
last thoracic somite — immediately in front of the abdomen — 
carries a pair of the walking or ambulatory legs, each consisting 
of a short basal piece, or “ protopod ite,” and of a long jointed 
‘‘endopodite,” the “exopodite” not being developed. The 
next thoracic segment carries another pair of ambulatory limbs, 
quite similar to the last, except for the fact that the protopo> 
dite bears a process which serves to keep the gills apart, and 
is termed the “ epipodite.” The succeeding segment supports 
a pair of limbs similar to the last in all respects, except, that 
its extremities, instead of being simply pointed, are converted 
into nipping claws or “chelae.” The next segment of the 
thorax carries a pair of chelate limbs, just like the preceding ; 
and the next is furnished with appendages, which are essen- 
tially the same in structure, but are much larger, constituting 
the great claws. The next two segments of the thorax, and 
the segment in front of these (by some looked upon as belong- 
ing to the head, by others as referable to the thorax), bear 
each a pair of modified limbs, which are termed “ maxillipedes,” 
or “foot-jaws.” These are simply limbs with the ordinary 
structure of protopodite, exopodite, endopodite, and epipodite, 
but modified to serve as instruments of mastication,^ the hind- 
most pair being less altered than the two anterior pairs (fig. 
i37> 3)* The next two somites carry appendages, which are 
in the form of jaws, and are termed respectively tlie first and 
second pairs of “ mr^illae.” Each consists of the parts afore- 
mentioned, but the epipodite of the first pair of maxillae is 
rudimentary, whilst that of the second pair is large, and is 
shaped like a spoon. It is termed the “ scaphognathite,” and 
its function is to cause a current of water to traverse the gill- 
chamber by constantly bailing water out of it. The next seg- 
ment carries the biting jaws or “ mandibles ; ” each of which 
consists of a large protopodite, and a small endopodite, which 
is termed the “palp,” whilst the exopodite is undeveloped. 
The aperture of the mouth is situated between the bases of the 
mandibles, bounded behind by a forked process, called the 
“labium,” or “metastoma,” and in front by a single plate, 
called the “ labrum ” (upper lip). The next segment bears 
the long antennae, or feelers (fig. 136, a'), each consisting .of a 
short protopodite, and a long, jointed, and segmented endo- 
podite, with a very rudimentary exopodite. in front of the 
great antennae is the next pair of appendages, termed the 
“ antennules,” or smaller antennae (fig. 136, a), each composed 
of a protopodite, and a segmented endopodite and exopodite. 
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which are nearly of equal size. Finally, attached to the first seg- 
ment of the head are the eyes, each of which is borne upon an 
eye-stalk formed by the protopodite. The gill-chamber is formed 
by a great prolongation downwards of the pleurae of the thoracic 
segments, and the gills are attached to the bases of the legs. 

As regards the digestive system of the Crustacea^ the ali- 
mentary canal is, with few exceptions, continued straight from 
the mouth to the aperture of the anus. There are no salivary 
glands, but a large and well- developed liver is usually present. 
A heart is generally, but not always, present. In most of the 
lower forms it is a long vasiform tube, very like the “ dorsal 
vessel ” of Insects. In the higher Crustaceans, the course of 
the circulation is as follows (fig. 138) : The heart is a muscular 
sac, situated dorsally, beneath the carapace, and it gives origin 

a h p h b a 



Fig. 138. — Diagram of the circulation of the Lobs-ter. The systemic arteries are 
shaded longitudinally, the veins are dotted, and the branchial vessels are black. 
h Heart; a a Systemic arteries; bb Uranchial vessels; cc Venous sinuses; gg 
Branchi* ; p Pericardium. 

to six arterial trunks, which convey the aerated blood to all 
parts of the body. The terminations of the arteries open into 
a series of irregular venous sinuses, whence the blood is 
collected into a principal ventral sinus, and distributed to the 
branchiae, where it undergoes aeration. From the gills the now 
aerated blood is carried by a series of branchial vessels to a 
large sac, which is badly termed the ‘‘ pericardium,” and which 
envelops and surrounds the heart. The arterial blood gains 
access to the cavity of the heart by means of six pairs of 
valvular fissures, which allow of the ingress of the blood, but 
prevent regurgitation. A portion of the venous blood, how- 
ever, is not sent to the branchiae, but is returned directly, 
without aeration, to the pericardium ; so that the heart finally 
distributes to the body a mixture of venous and arterial blood. 
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Distinct respiratory and circulatory organs may be altogether 
wanting; but, as a rule, distinct branchiae are present. The 
exact form and structure of the gills differ in different cases, 
but their leading modifications will be alluded to in treating of 
the different orders. 


Tabular View oV the Divisions of the Crustacea. 


Sub-class I. Epizoa. , 

Order i. Ichthyophthii^a, 

II 2. Rhizocephala, 

M 3. Cirripcdia. 

Sub-order i. Thoracica, 

It 2. Abdoininalia, 
II 3. Apoda. 


Sub-class 11 . Entomostraca. 


Order 6. Ostracoda. 

M 7. Cipcpoda. 

M 8. C/adocera, 
n 9. Phyilopoda, 

It 10. Trilobiia, 

It II. Aferostoviata, 


I Legion^ I.ophyropoda. 
i Legion^ Branchiopoda. 


Sub-class III. Malacostraca. 

Division a. Edriophthalmata. 
Order 12. Lccmodipoda. 

II 13. Amphipoda, 

II 14. Isopoda, 

Division B. Podophthalmata. 

Order 15. Stomapoda, 

II 16. Decapoda, 

Tribe a, Macrura, 

II b. Afwmura. 

11 c\ Brachyura, 


CHAPTER XXXI. 

Sub-class Epizoa. 

The members of this sub-class are Cnistaceans which in the 
adult state (except the males of some forms) are destitute of 
the power of locomotion, being fixed parasitical ly to the ex- 
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terior of other animals or adherent to foreign bodies. The 
young are locomotive, and are provided with eyes and an- 
tennae. Branchiae are wanting or rudimentary. 

Order I. Ichthyophthira. — Adult parasitic^ deformed^ oftai 
with rudimentary limbs ; mouth suctorial ; respiratory organs 
wanting ; females with exterrial ovisacs, Lan^a locomotive, and 
undergoing retrograde metamorphosis. 

The members of this order {Lerncea, Achtheres, Peniculus, 
Caligus, Argulus, &c.) are attached in the adult condition to 
the skin, eyes, or gills of fishes, and when mature possess an 
elongated body, having a more or less distinct head, and in 
the females usually a pair of long, cylindrical ovisacs, depend- 

abdomen (fig. 139). Some 
adhere by a suctorial mouth, 
or by cephalic processes 
{Cephaluna)\ others are at- 
tached by a suctorial disc, 
developed at the extremities 
of the last pair of thoracic 
limbs, which are united to- 
gether (Brachiunci) ; whilst 
in others {Onchuna) attach- 
ment is effected by hooks at 
the free extremities of the 
first pair of thoracic limbs 
(Owen). 

The males (fig. 140, b) are 
usually not attached, but ad- 
here to the females, of which, 
from their much smaller size, 
they appear to be mere para- 
sites. The chief anatomical 
peculiarities of the female are 
the following : The* head is 
provided usually with a pair 
of jointed antennae, and the 
body is divided into a cephalothorax and abdomen. The 
alimentary canal consists of a mouth, gullet, and intestine, 
terminating posteriorly in a distinct anus. The nervous sys- 
tem consists of a double ventral cord. There are no differen- 
tiated breathing-organs, and respiration is effected by the sur- 
face of the body. 

The embryo (fig. 140, a) is free-swimming, and is provided 
with visual organs and locomotive appendages. The two 
sexes are now alike, and the conversion of the active embryo. 


ing from the extremity of the 



Fig. xjg . — Female of Achtheres Cnrpenteri^ 
magnified. The line placed alongside of 
the figure shows the real size, a AMomen ; 
d Disc of attachment developed upon the 
last pair of thoracic limbs ; o Ovisac. 
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ig. 140. — Ichthyophthira. « Free-swimming larva of 
Achtheres percarum in its first stage ; b Adult male 
of the same. Enlarged. (After Owen.) 


or larva, into the swollen and deformed adult, must be regarded 
as an instance of “ retrograde metamorphosis.” In AcMeres 
percarum (fig. 140), as generally in the order, the primitive form 
of the young is a “ Nauplius ; ” * but a wholly different larva, 
resembling the Cyclops 
in shape, but with fewer 
limbs and somites, is 
prepared within the 
Nauplius-skin, and is 
liberated by the rup- 
ture of the same. 

As regards their af- 
finities, the Ichthyoph- 
thira are closely allied 
to the Copepoda^ and 
may, indeed, be regard- 
ed as parasitic Cope- 
pods, having the mouth modified so as to form a suctorial 
tube or beak, resulting from the elongation of the labrum 
and labium. Within this are two stylets or lancet-shaped 
mandibles, used in piercing. The feet are often deformed by 
age, or wanting, but are primitively natatory. Not only does 
their developmental history bear out this view, but cases are 
known (in some Lertmcd) in which the males do not undergo 
retrograde metamorphosis, but remain permanently in the con- 
dition of free Copepods. 

Order II. Rhizocephala. — Adult parasitic^ attached by 
ramified roots {antenncel). Body sac- like ^ unarticulated^ with- 
out limbs. No fnouth. Larva a locomotive “ naupln/sl* 

The Rhizocephala constitute a peculiar group of Crustaceans, 
the adults of which are found attached parasitically to the 
abdomen of Crabs and Hermit-crabs. The body (fig. 141, B) 
is sac-like, and non-segraented, and consists of a muscular 
mantle in which no skeletal structures are developed, its only 
aperture being reproductive and closed by a sphincter. There 
are no limbs, sense-organs, or alimentary canal, but there are 
well-developed reproductive organs, each individual, according 
to Giard, being hermaphrodite. The sac-like body is kept in 
connection with its host by means of branched, root-like pro- 
cesses of attachment (fig. 141, B), which sink deeply into the 
tissues of the latter. These processes appear to correspond 


The name of “Nauplius” was given by O. F. MUller to the uns^- 
mented ovate larva of the lower Crustacea, with a median frontal eye, but 
without a true carapace ; and this name may l‘)e conveniently employed to 
designate all the larval forms which agree in these characters. 
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with the “ cement-ducts ” of the Cirripedes, and to be, there- 
fore, really the homologues of the antennae. By their means, 
the parasite draws nutriment from its host ; and as similar hol- 



A C a B 


Fig. 141. — Morphology of Khizocephaia. A, First larval form of Sacculina purpurea, 
greatly enlxirged. B, Young of Peliogaster socinlts attached to the abdomen of a 
Hermit-crab ; at a the root-hke processes of attachment of one individual are shown. 
C, body of Sacculina carcini, of the natural size, the roots of attachment not 
shown. (A and B are after Fritz Muller.) 

low nutritive processes are developed on the ‘‘ peduncle of 
certain Barnacles {Anelasma sqtialicola), there are grounds for 
accepting Kossmann’s view that the Rhizocephala are really to 
be regarded as a degraded group of the Cirripedia. 

The embryos of the Rhizocephala (fig. 14 1, A) are at first 
‘‘ naupliiform/^ with an ovate unsegmented body, an unpaired 
median eye, and a dorsal shield or carapace. The abdomen 
terminates in a movable caudal fork, and there is neither 
mouth nor alimentary canal. In their second stage (as so- 
called “ pupae the young of the Rhizocephala are enclosed 
in a bivalve shell, the foremost pair of limbs constitute pecu- 
liar organs of adhesion (“ prehensile antennae ” of Darwin), the 
two following pairs of limbs are cast off, and six pairs of 
powerful biramose natatory feet are formed on the thorax. 
There is still no mouth. The “ pupae now attach themselves 
to the abdomen of Crabs, Porcellance^ and Hermit-crabs ; they 
remain astomatous ; “ they lose all their limbs completely, and 
appear as sausage-like, sack-shaped, or discoidal excrescences 
of their host, filled with ova; from the point of attachment 
closed tubes, ramified like roots, sink into the interior of the 
host, twisting round its intestine, or becoming diffused amongst 
the sack-like tubes of its liver. The only manifestations of 
life which persist in these non plus ultras in the series of retro- 
gressively metamorphosed Crustacea are powerful contractions 
of the roots, and an alternate expansion and contraction of the 
body, in consequence of which water flows into the brood- 
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cavity, and is again expelled through a wide orifice.'' (Fritz 
Muller). 

Order III. Cirripedia. — Adult attached^ enclosed in an 
integumentary sac^ within which a niany-valved shell is typically 
developed, Antennce modified for adhesion. Abdomen rudimen- 
tary. Limbs usually present^ in the forin of multiarticulate cirri. 
Sexes generally united. Young locomotive* 

This sub-class includes, amongst others, the common Acorn- 
shells and the Barnacles or Goose-mussels. All the Cirripedia 
are distinguished by the fact, that in the adult condition they 
are permanently fixed to some solid object by the anterior 
extremity of the greatly metamorphosed head ; the first three 
cephalic segments being much developed, and enclosing the 
rest of the body. The larva is free and locomotive, and the . 
subsequent attachment, and conversion into the fixed adult, is 
effected by means of a peculiar secretion, or cement, which is 
discharged through the antennae of the larva, and is produced 
by a special cement-gland, which is really a portion of the ovary. 
In the Cirripedia^ therefore, the head of the adult is per- 



Fig. 142. — Morphology of Cirripedia. A, Lepas pectinaia, one of the Barnacles, one 
side of the shell being removed, enlarged four times : c Peduncle ; d Cement-duct ; 
o Ovary ; j Ovisac ; v Vas deferens ; p Penis. B, Paxilasma Jissa, enlarged live 
times ; c Peduncle. C, Balanus balanoides, viewed from above, of the natural si/c. 
D, Balanus tintinnabulum^ with the shell on one side removed to show the ani- 
mal : a One of the valves (“scutum”) of the operculum ; b .Another valve (“tergum") 
of the operculum. (After Darwin and Pagenstecher.) 

manently fixed to some solid object, and the visceral cavity is 
protected by an articulated calcareous shell, or by a coriaceous 
envelope. The posterior extremity of the animal is free, and 
qan be protruded at will through the orifice of the shell. This 
extremity consists of the rudimentary abdomen, and of six pairs 
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of forked, cirrated limbs, which are attached to the thorax, and 
serve to provide the animal with food. The two more import- 
ant types of the Cirripedia are the Acorn-shells (Ba/anida) 
and the Barnacles {Lepadidce). In the former the animal is 
sessile, the larval antennse, through which the cement exudes, 
being embedded in the centre of the membranous or calcareous 
“basis” of the shell. In the latter the animal is stalked,* and 
consists of a “ peduncle ” and a “ capitulum.” The peduncle 
consists of the anterior extremity of the body, with the larval 
antennae, usually cemented to some foreign body. The capit- 
ulum is supported upon the peduncle, and consists of a case 
composed of several calcareous plates, united by a membrane, 
enclosing the remainder of the animal. 

As regarils the development of the Cirripedia^ the larva has the form of 
a “Nauplius ” (fig. 143, A), with an unsegmented, pyriform body, a median 
eye, and a dorsal carapace. During its life as a Nauplius, the young moults 
several times (seven times in Lepas fasdetdaris^ which is here taken as ex- 
emplifying the tlevelopment of the Cirripedia in general) ; and these various 
castings of its integuments are accompanied with material changes of form. 



Fig. 143. — Development of Lepas /asckularis. A, Early stage of the Nauplius, show- 
ing the three pa\rs of appendages, of which the hinder two pairs arc bifurcate : o Eye- 
spot ; b Labrunt ; g Gullet ; h k Lateral horns. R the free-swimming Cjrpris-stage or 
**pupa," after the sixth moult, theantennx and feet retracted within the shell : an 
Antenna, with its suctorial disc, traversed by the duct of the cement-gland ixg ) ; 
sg Shell-gland ,* o Eye ; ad Adductor-muscle ; / Feet ; c Caudal process. Both 
figures are greatly enfarged. (After Von WillemOcs-Suhm.) 

When fully grown, the Nauplius has an oval or pyriform body, enclosed in a 
carapace, provided with long caudal and dorsal spines. There are three pairs 
of limbs, of which the first pair (representing the antennse) are undivided, 
while thp two hinder pairs (fig. 143) are bifid, and all carry natatory 
bristles. There i^ very large labrum (fig. 143, b) placed in front of the 


ANNULOSA: CRUSTACEA. 


289 


mouth, and there is a well-developed alimentary tube, which terminates by 
a distinct anus at the root of the caudal spine. There is at first merely a 
simple central eye ; but in the adult Nauplius, two compound lateral eyes 
are developed in addition. Ultimately, the Nauplius passes into its second 
condition or ‘‘ Cypris-stage ’* (fig. 143, B), when it is often spoken of as a 
“pupa,” It is now enclosed in an oval, bivalved, mussel-shaped shell, 
with an opening along the ventral margin. The second and third pairs of 
the appendages of the Nauplius have now disappeared, and the first pair 
of appendages constitute strong four-jointed antennae, the last segment cf 
which is disc-shaped, and is pierced centrally by a pore, which is the open- 
ing of the excretory duct of the “cement-glands,” these organs being situated 
at the bases of the antennae. The thorax has developed upon its sides six 
pairs of forked natatory limbs ; and the abdomen is rudimentary, three- 
jointed, with terminal forked swimming-appendages. The pupa does not 
feed, but is nourished by means of an extensive accumulation of fatty matter, 
which had been stored up by the Nauplius in the cephalic and dorsal regions 
of the body ; while the great labrum of the latter is now very much reduced 
in size. 

After a brief natatory life, the pupa fixes itself by means of the disc-seg- 
ments of the anteniiK to some foreign body, such as a rock, a piece of drift- 
wood, the skin of a Cetacean, a Sponge, the carapace of a Turtle, or the 
colony of an Oceanic Hydrozoon. The “ cement - glands,” which, as 
shown by Darwin, are “part of and continuous with the branching ovaria,” 
secrete copiously an adhesive cement, which is poured forth through the 
central apertures of the antennal discs, and by means of which the animal 
is firmly and finally fastened down to the object to which it in the first 
place attached itself. The body now becomes enclosed in a multivalve 
calcareous “test,” produced by a special shell-gland. The organs of the 
mouth become fully develof)ed, and the lateral eyes of the locomotive pupa 
disappear altogether. Lastly, the six pairs of natatory limbs of the Cypris- 
stage are replaced by the six forked and multisegmentate “cirri” of the 
adult ; while the base of the abdomen carries the penis, in the form of a 
proboscidiform appendage. 

The form of the adult, as already said, differs considerably, 
but the two most important types are those presented respec- 
tively by the Sessile and by the Pedunculated Cirripedia. 

In the symmetrical Sessile Cirripedes ox Biilanida, commonly 
known as Acorn-shells (fig. 142, C, D), the animal is protected 
by a calcareous shell, formed by calcifications within the walls 
of the first three cephalic segments. The animal is placed 
within the shell, head downwards, and is fixed to the centre of 
a shelly or membranous plate, which closes the lower aperture 
of the shell, and which is termed the “basis.” The “basis ” is 
fixed by its outer surface to some foreign object, and is some- 
times compact, sometimes porous. Above the basis rises a 
limpet-shaped, conical, or cylindrical shell, which is open at 
the top, but is capable of being completely closed by a pyra- 
midal lid or “ operculum.” Both the shell itself and the oper- 
culum are composed of calcareous plates usually differing from 
one another in shape, and distinguished by special names. 
Within the shell the animal is fixed, head do^’”' vards. The 

T 
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thoracic segments, six in number, bear six pairs of limbs, each 
of which consists of a jointed protopodite and a much-seg- 
mented exopodite and endopodite, both of which are bristled, 
and constitute the so-called cirri,” from which the name of 
the sub-class is derived. These twenty-four cirri — “ the glass 
hand” of the Balamis — are in incessant action, being pro- 
truded from the opening of the shell, and again retracted 
within it, constantly producing currents of water, and thus 
bringing food to the animal. There are no specialised respi- 
ratory organs in the family of the BalajiidcB, Balani some- 
times attain a very considerable size, and Balanus psittacus is 
largely eaten on tlie coast of Chili. 

The remaining family of the Sessile Cirripedes is that of the 
Verrucidce^ comprising only the single genus Verruca, In many 
respects the Verrucidce approach the Balanidce^ but the shell is 
composed of six valves only, and is un symmetrical, whilst the 
scuta and terga (forming the operculum), though movable, are 
not furnished with a depressor muscle. 

In the Barnacles (Lepadida), the anterior extremity of the 
animal is enormously elongated, forming, with the prehensile 
antennae, the cement-ducts, and their exu- 
dation, a long stalk or peduncle, whereby 
the animal is attached to some solid ob- 
ject. The peduncle is cylindrical, of vary- 
ing length, flexible, and furnished with pro- 
per muscles. In some species it is naked, 
but in others it is furnished with calcareous 
scales. At its free extremity the peduncle 
bears the “ capitulum,” which corresponds 
to the shell of the Balanoids, and is com- 
posed of various calcareous plates, united 
together by a membrane, moved upon one 
another by appropriate muscles, and pro- 
tecting in their interior the body of the ani- 
mal with its appendages. The thorax and 
limbs resemble those of the Balanus; 
but ‘‘.slender appendages, which from their 
position and connections are homologous 
Fig. \\\.—Lepa5 anaii- with the branchiae of the higher Crustacea^ 
common Bar- attached to, or near to, the bases of a 
greater or less number of the thoracic feet, 
and extend in an opposite direction outside the visceral sac ” 
(Owen). 

All the BalanidcR are hermaphrodite, and this is also the 
case with most of the Lepadidee^ but some extraordinary 
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exceptions occur in this latter order. Thus, in some species 
of Scalpellum the individual forming the ordinary shell is 
female, and each female has two males lodged in transverse 
depressions within the shell. These males “ are very singular 
bodies; they are sac-formed, with four bead-like rudimental 
valves at their upper ends ; they have a conspicuous internal 
eye ; they are absolutely destitute of a mouth, or stomach, or 
anus; the cirri are rudimental and furnished with straight 
spines, serving apparently to protect the entrance of the sac ; 
the whole animal is attached like the ordinary Cirripede, first 
by the prehensile antennre, and afterwards by the cementing 
substance. The whole animal may be said to consist of one 
great sperm-receptacle, charged with spermatozoa ; as soon as 
these are discharged, the animal dies.’* 

A far more singular fact remains to be told ; Scalpellian 
vnlgare is, like ordinary Cirripedes, hermaphrodite, but the 
male organs are somewhat less developed than is usual ; and 
as if in compensation, several short-lived males are almost 
invariably attached to the occludent margin of both scuta. 
... I have called these beings compkmental males ^ to signify 
that they are complemental to an hermaphrodite, and that 
they do not pair like ordinary males with simple females” 
(Darwin). 

As regards their distribution, the Balanoids are shallow- 
water forms, and Balanus itself is cosmopolitan in its range, 
though, geologically, quite a modern genus. The Lepadoids 
are not only found attached to floating bodies, dead or alive, 
but also extend to great depths. Scalpellum, which is a com- 
mon Cretaceous genus, goes down to 3000 fathoms. Alcippe 
(which is without a shell and has only three pairs of feet), 
bores holes in the shells of Gasteropods. 

Divisions of Cirripedia.— (After Darwin.) 

Sub-order I. Tiioracica. 

Carapace^ cither a capitulum on a pedicle, or an operculated shell with 
a basis. Body^ formed of six thoracic segments, generally furnished with 
six pairs of limbs ; abdomen rudimentary, but often bearing caudal appen- 
dages. 

Fam, I. Balanid<c, 

Sessile, without a peduncle ; scuta and terga (forming the opcrcuhau) 
provided with depressor muscles ; the rest of the valves immov- 
ably united together. 

Fam. 2. Vcrrucida. 

Sessile. Shell asymmetrical, with scuta and terga, which are mov- 
able, but not furnished with a depressor muscle. 

Fam. 3. Lepadid(f. 

Pedunculated. Peduncle flexible, provided with muscles. Scuta 
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and terga, when present, not furnished with a depressor muscle. 
Other valveSi when present, not united into a single immovable 
case. 

Sub-order II. Abdominalia. 

Carapace^ flask-shaped ; body formed of one cephalic, seven thoracic, 
and three abdominal segments, the latter bearing three pairs of cirri, but 
the thoracic segments being without limbs. 

Genus— Cryptophialus, 

Sub-order III. Apoda. 

Carapace^ reduced to two separate threads serving for attachment. 
Body consisting of one cephalic, seven thoracic, and three abdominal seg- 
ments, all destitute of cirri. Mouth suctorial. 

Genus — Proteolepas. 


CHAPTER XXXII. 

SUB-CLASS ENTOMOSTRACA. 

Sub-class III. Entomostraca {Gnathopoda^ Woodward). — 
The term Entomostraca has been variously employed, and few 
authorities include exactly the same groups of the Crustacea 
under this name. By most the division is simply defined as 
ihcluditig all those Crustacea in which the segments of the 
thorax and abdomen, taken together, are more or fewer than 
fourteen in number — the parasitic Epizoa and the Cirripedia 
being excluded. By Professor Rupert Jones the following defi- 
nition of the Entomostraca has been given : — 

“Animal, aquatic, covered with a shell or carapace, of a 
horny consistence, formed of one or more pieces, in some 
genera resembling a cuirass or buckler, and in others a bivalve 
shell, which completely or in great part envelops the body and 
limbs of the animal. In other genera the animal is invested 
with a multi valve carapace, like jointed plate -armour ; the 
branchiae are attached either to the feet or to the organs of 
mastication ; the limbs are jointed, and more or less setiferous. 
The animals, for the most part, undergo a regular moulting or 
change of shell, as they grow ; in some cases this amounts to 
a species of transformation.” 

The Entomostraca are divided into two great divisions, or 
“legions,” the Lophyropoda and the Branchiopoda, with which 
the order Merostomata may be conveniently considered. 

Division A. Lophyropoda. — The members of this division 
possess few branchiae, and these are attached to the appen- 
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dages of the mouth. The feet are few in number, and mainly 
subserve locomotion; the carapace is in the form either of 
a shield protecting the cephalothorax, or of a bivalve shell 
enclosing the entire body. The mouth is not suctorial, but is 
furnished with organs of mastication. 

This division comprises the two orders Ostracoda and 
Copepoda, 

Order I. Ostracoda. — Small Crustaceans having the entire 
body enclosed in a shell or carapace^ which is composed of two 
valves united along the back by a membrane. The branchioe are 
attached to the posterior jaws^ arid there are only two or three 
pairs of feet, which subserve loco^notmt, but are 7 iot adapted for 
swwuning, A distinct heart is sometimes present {Cypridina), 
but is more usually wanting {Cypris and Cythe/r), 

Little is known of the development of the Ostracoda, but the young of 
Cypris are said to be “ shell- bearing Nauplius forms” (Claus), possessing 
only the three anterior pairs of limbs, but protected by a bivalve shell. As 
in other Nauplii, the third pair of limbs, though now locomotive, are ulti- 
mately transformed into the mandibles. They pass through several stages, 
with complete moults, before arriving at sexual maturity. The young of 
Cythcre, on the other hand, have at birth the two jmirs of ant€«noe and 
two pairs of jaws, with three pairs of rudimentary abdominal limbs. 

The order includes the Cyprides (fig. 145, a), which are of 
almost universal occurrence in fresh water. The common 



Fig. 145. — Fresh-water Entomostraca. a Cypris tris-striata : b Daphnia 
Pulex; c Cyclops quadricornis. 


Cypris is completely protected from its enemies by a bivalve 
carapace, which it can open and shut at will, and out of which 
it can protrude its feet. The closure of the carapace is effected 
by means of an adductor muscle. Locomotion is mainly 
effected by means of a pair of caudal appendages. The Cypris 
is extremely prolific, and a single impregnation appears to last 
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the female for its entire lifetime. Young females, produced in 
this way, are also capable for some generations of producing 
fresh individuals without the influence of a male (partheno- 
genesis). 

The marine Ostracoda are mostly shallow-water forms, but 
there are deep-sea types which attain a comparatively gigantic 
size (nearly an inch in length). 

Order II. Copepoda. — Small Crustaceans^ having the head 
and thorax covered by a carapace^ aitd furnished with five pairs 
of natatory feet Usually there are two caudal locofnotive ap- 
pendages. A distinct heart is sometimes absent (as in the Cyclo- 
pidce) but is sometimes present. Both marine and fresh-water 
Copepods are known. 

The larvae of the Copepods are Naupliiform, with unpaired 
eyes, three pairs of limbs (the future antennae and mandibles), 
and two terminal setae. Next the maxillae are produced, and 
then three other pairs of limbs (the foot- jaws and the two front 
pairs of natatory feet). At the next moult, the larva assumes 
the Cyclops form, but has at first much fewer limbs and somites. 

In the Cyclops (fig. 145, c), which is one of the commonest 
of the ‘‘Water-fleas,’* the cephalothorax is protected superiorly 
by a carapace, and the abdominal somites are conspicuous. 
In front of the head is situated a single large eye, behind which 
are the great antennae and the antennules. The feet are five 
pairs in number, each consisting of a protopodite and a seg- 
mented exopodite and endopodite, usually furnished with hairs, 
and forming an efficient swimming apparatus. The young 
pass through a metamorphosis, and are not capable of repro- 
ducing the species until after the third moult or change of skin. 
The female Cyclops carries externally two ovisacs, in which the 
ova remain till they are hatched. A single congress with the 
male is apparently sufficient to fertilise the female for life. 

The Copepoda, or Oar-footed Crustaceans, are all of small 
size, and are of common occurrence in fresh water in all parts 
of Europe. Many forms also live in the sea, sometimes in 
immense numbers. Thus Cetochilus is so abundant in the 
North and South Atlantic, as to communicate a ruddy tinge 
to the ocean, and to serve as one of the principal articles of 
diet of the whale. By good authorities the Ichthyophthira are 
regarded as merely Copepoda peculiarly modified to suit a life 
of parasitism. 

Division B. Branchiopoda. — The Crustaceans included in 
this division have many branchiae, and these are attached to 
the legs, which are often numerous, and are formed for swim- 
ming. In other cases the legs themselves are flattened out so 
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as to form branchiae. The body is either naked, or is protected 
by a carapace, which may enclose either the entire body, or the 
head and thorax only. The mouth is provided with organs of 
mastication. 

The B7'an€hiopoda comprise the Cladocera, the Phyllopoda^ 
and probably the Trilobita^ though this order departs in many 
respects from the first two groups. The Merostotnata may be 
considered along with these, though these, too, are in many 
respects peculiar. 

Order I. Cladocera. — The members of this order are 
small Crustaceans, udiich have a distinct head, and have the 
7 vhole of the remainder of the body enclosed 7 aithin a bivalve 
carapace, similar to that of the Ostracoda. The feet are fetu in 
number {usually four, five, or six pairs), and are mostly respir- 
atory, carrying the branchiae. Two pairs of antennae ai'e present, 
the larger pair being of large size, branched, and acting as nata- 
tory organs. The Cladocera quit the egg with the full number 
of limbs proper to the adult. 

In the Daphnia pulcx (fig. 145, b), or branch ed-horned 
Water-flea, which occurs commonly in our ponds, the body 
is enclosed in a bivalve shell, which is not furnished with a 
hinge posteriorly, and which opens anteriorly for the protrusion 
of the feet. The head is distinct, not enclosed in the cara- 
pace, and carrying a single eye. The mouth is situated on 
the under surface of the head, and is provided with two man- 
dibles and a pair of niaxillaj. The gills are in the form of 
plates, attached to the five pairs of thoracic legs. The males 
are very few in number, compared with the females, and a 
single congress is all that is required to fertilise the female for 
life. Not only is this the case, but the young females pro- 
duced from the original fecundated female are able to bring 
forth young without having access to a male. Two kinds of 
eggs occur in Daphnia, In the first of these, or “ summer 
eggs,” the ova (from ten to fifty in number) are deposited in 
an open space between the valves, and are retained there until 
the young are ready to be hatched. In the second of these, 
or ‘‘winter eggs,” which alone are fecundated, the ova (gener- 
ally two in number) are placed in a peculiar receptacle, which 
is formed on the back of the carapace, and is called the “ ephip- 
pium ” or saddle. After a time the ephippium is cast off, and 
floats about till spring, when its contained eggs are hatched by 
the v/armer temperature of the water. 

Order II. Phyllopoda. — Crustacea, mostly of small size, 
the carapace protecting the head and thorax, or the body entirely 
naked. Feet numerous, never less thati eight pairs, mostly foil* 
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aceous or leaf-like^ branchial in function. The eyes sometimes con- 
fluent^ sometmes distinct and sub-pedinmilate. There are two 
horny mandibles without palps, and the first pair of feet are 
oar-like, with setiform terminal appendages. The remaining 
feet are branchial, and adapted for swimming. The Phyllo- 
pods undergo a metamorphosis, the youngest forms being 



Fig. 146. — Piiyllopoda. Fairy Shrimp or Bmnc/iipus, diaphanus). 

After Haird. 

“Nauplii.” In Nebalia (fig. 147, C), however, which is the 
only marine Phyllopod, “ Zoea-stages ” are superadded as well. 



Pig- ’’47' — Morphology of Phyllopoda. A, Lepidnnis Angassi^ viewed dorsally. H, 
Under .side of head of the same. C, Nebalia bipes^ one side of the carapace being 
removed, so as to show the branchial feet. 1), Branchipns stagnalis^ female. E and 
F, Young stages of the same. G, A magnified specimen of Estheria, in its living 
state. 


The Phyllopoda are chiefly interesting from their affinity to the extinct 
Trilobites. In the typical genera Limnadia and Apiis the body is pro- 
tected by a carapace, which is bivalve in the former and shield-like in the 
latter. In Limnadia the carapace covers the greater part of the body, and 
opens along the ventral margin. There are from eighteen to thirty pairs 
of membranaceous and respiratory feet. In Apus the carapace is clypei- 
form and covers a portion of the abdomen ; and there are sixty pairs of feet, 
of which all but the first pair are foliaceous. Apusx^ gregarious, fresh- 
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water in habit, and often found in great numbers in pools and ditches in 
Europe. The different species of Branchiptis (figs. 146 and 147, D) have 
the transparent body unprotected by any carapace, and are found in ponds 
and swamps in various parts of the world. The various “Brine-shrimps” 
{Artemia) are found inhabiting the brine-pans in salt-works, or occur in 
salt-lakes in both hemispheres, being esjDecially abundant in Great Salt 
Lake in Utah. 

In Estheria (fig. 147, G) the body is protected by a bivalve, sub-ovate 
carapace, which is extremely like the shell of a Bivalve Mollusc, not only 
in shape and appearance, but also in having the valves joined at their beaks 
dorsally, and matked with concentric lines of growth. The species live in 
fresh or brackish water. In Nchalia (fig. 147, C), the only marine type of 
the order, there is a bivalved carapace, which is furnished with a beak or 
“ rostrum, ” and the eyes are pedunculated. There are two pairs of an- 
tennae, and eight pairs of Icaf-like respiratory feet, followed by a series of 
natatory feet. There is no metamorphosis. Nebalia has decided affinities 
with the Stomapods, and perhaps is not properly referable to the Phyllopoda. 

Order III. Trilorita. — This order is entirely extinct, none 
of its members having survived the close of the Palteozoic 
period. The Trilobites are Crustaceans in ivhich i/ie body is 
usually more or less distinctly trilobed ; tJm'e is a cephalic shield^ 
usually bearing a pair of sessile compound eyes ; the thoracic 
somites are movable upon one another^ and are very variable in 
number; the abdominal segments are coalescent^ and form a 
caudal shield ; there is a 7 vell-dez^elopcd upper lip or hypostoitieP 

As regards the general structure of the Trilobites, the body 
was protected by a well-developed shell or ‘‘ crust, which 
covered the whole dorsal surface of the body, and which usu- 
ally exhibits more or less markedly a division into three longi- 
tudinal lobes (fig. 148), from which the name of the order is 
derived. The crust is composed of a cephalic shield, generally 
crescentic in shape, a variable number of free and movable 
rings, constituting the thorax, and a caudal shield or “ pygi- 
dium,” the rings of which are more or less completely anchy- 
losed. On the under surface of the head-shield in front, there 
is situated a forked or oval upper lip or “ labrum,^^ which re- 
sembles in form the labrum of the Phyllopodous genus Apus, 
Recent researches by Mr C. D. Walcott have also consider- 
ably increased our knowledge of the condition of the under 
surface of the body in the Trilobites. This observer, namely, 
has shown that the visceral cavity of the Trilobites (fig. 149, b) 
was bounded inferiorly by a thin membrane, which is attached 
to the lower margin of the dorsal crust all round. This ventral 
membrane was strengthened by calcified arches, which in turn 
supported the appendages beneath. As to these latter our 
knowledge is not yet complete, but we know that in some forms 
there existed a row of articulated appendages on each side of 
the middle line below. The thoracic appendages seem to have 
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been slender five-jointed legs, in which the terminal segment 
forms a pointed claw, and the basal segment carries a jointed 
appendage, regarded by Mr Walcott as homologous with the 



Kifi. 148. — 'I'he skeleton of a Trilobite {Atif^elina Sedg'ivickii), partially dissected. A, 
Head-shield, li, Movable rings of the thorax. C, Tail or abdomen, g Glabella, in 
this species without furrows; fi Fi.xed cheeks; e Kye-lobe; 0 Eye; f F'acial 
suture; fr Free cheeks: j Head -spines ; / Pleiine ; // Anchylosed pleurae of 
pygidium. 

epipodite '' of many recent Crustaceans. On each side of the 
thoracic cavity there is, also, attached a row of bifid spiral 
appendages (fig. 149, ^), of the nature of gills; and branchial 
appendages were probably attached to the bases of the thoracic 
limbs as well. With regard to the appendages of the head, 
the mouth is situated behind the hypostome, and is bounded 
by four pairs of jointed manducatory appendages, the basal 
joints of which are, partly or wholly, modified to act as jaws. 

The cephalic shield of a typical Trilobitc is more or less completely 
semicircular (fig. 148}, and is composed of a central and of two lateral 
pieces, of which the two latter may, or may not, be united together in 
front of the former. 

The median portion is usually elevated above the remainder of the 
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cephalic shield, and is called the “glabella;” it protected the region of 
the stomach, and is usually divided into from three to four lobes by lateral 
grooves. At each side of the glabella, and continuous with it, is a small 
semicircular area, called the “fixed cheek.” The glabella, with the “ fixed 


a 



Fig. 149. — Transverse section of the thorax of Calymene senaria^ partially restored 
(after C. I). Walcott), a Dorsal crust ; h Visceral cavity, coiuiiuied laterally to the 
pjeural margins of the dorsal crust; c Legs, restored; d Epipodite; e Spiral gills. 
Enlarged six times. 


checks,” is separated from the lateral portions of the cephalic shield — 
termed the “movable” or “free checks” — by a peculiar suture or line 
of division, which is known as the “facial suture,” and is quite unknown 
amongst recent Crustacea^ except for a faint indication in the Limtdus^ and 
more or less doubtful traces in certain other forms. The movable cheeks 
bear the eyes, which are generally crescentic or reniform in shape, are 
rarely pedunculated (being never .supported upon movable foot-stalks), 
and consist of an aggregation of facets covered by a thin cornea. The 
facial sutures may join one another in front of the glabella — in which case 
the free cheeks will form a single piece ; or they may cut the anterior mar- 
gin of the shield separately — in which case the free cheeks will be discon- 
tinuous. The posterior angles of the free cheeks arc often produced into 
long spines. 

Behind the cephalic shield comes the thorax, composed of a variable 
number of segments, which arc not soldered together, but arc capable of 
free motion upon one another, so as to allow the animal, in many cases, to 
roll itself up after the manner of a wood-louse or hedgehog. The thorax 
is usually strongly trilobed, and each thorax-ring .shows the .same triloba- 
tion, being composed of a central, more or less strongly convex, portion, 
called the “axis,” and of two flatter side-lobes, called the “pleurae.” 

The “ pygidium,” or “tail,” is usually trilobed also, and, like the 
thorax, consists of a median axis and of a marginal limb, the composition 
of the whole out of anchylosed segments being shown by the existence of 
axial and pleural grooves. 

Order IV. Merostomata. — The members of this order 
are Crustacea^ often of gigantic size, in which the mouth is fur- 
nished with rnandibles and maxillae, the terminations of which 
become walking or swimming feet and organs of prehension. 
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This order comprises the recent King-crabs, and the extinct 
Fterygoti and EurypterL 

Sub-order i. Xiphosura. — “ Crustacea havmg the anterior 
segments welded together to form a broad convex buckler, upon the 
dorsal surface of which are placed the compound eyes and ocelli, 
the former sub-centrally, the latter in the centre in front. The 
mouth is ftirnished with a small labrum, a rudimentary metas- 
toma and six pairs of appendages. Posterior segments of the body 
more or less free, and bearhig upon their ventral surfaces a series 
of broad lamellar appendages ; the telson, or terminal segment, 
ensiform ” (Henry Woodward). 

The Xiphosura include no other recent forms than the 
Limuli (King-crabs, or Horse-shoe Crabs). They are dis- 
tinguished by the possession of six pairs of chelate limbs, placed 
rotmd the mouth, having their bases spinous, and officiating as 
jaws. The anterior portion of the body is covered by a broad 
horse-shoe-shaped buckler (fig. 150), the upper surface of 
which bears a pair of larval and a pair of compound eyes. 
On the lower surface of the carapace is placed the aperture 
of the mouth, surrounded by six pairs of limbs, the bases of 
which are spinous and officiate as jaws, whilst their termina- 
tions are converted into chelae or nipping-claws. The first 
pair of appendages is placed in front of the mouth, and has 
been generally said to represent the antennae ; but according 
to Milne-Edwards they are not supplied with nerves from the 
cerebral ganglia, and therefore cannot be of this nature. Be- 
hind the cephalic buckler comes a second shield, composed 
of six amalgamated segments, below which are carried the re- 
productive organs and branchiae, the former protected by a 
thoracic plate or ‘‘ operculum,” the latter borne by five pairs 
of lamellar appendages. Lastly, articulated to the posterior 
margin of the abdominal shield, is a long sword-like spine or 
“telson” (fig. 150, /). The circulatory system of Limulus is 
of a very high type, though the heart is tubular. The venous 
blood, instead of being contained in the mere interspaces and 
lacunae between the tissues, is to a large extent confined within 
proper vessels. A remarkable peculiarity, also, is that the 
ventral nerve-cofd is enclosed within the abdominal artery, and 
most of the nerves are similarly ensheathed within the arteries. 

The eggs of Limulus are laid in the sand, and are fertilised 
by the male. Just prior to the time of hatching, six segments 
can be recognised in the cephalothorax ; the abdomen consists 
of nine well-marked somites ; the bases of the legs are hardly 
spinose ; and the abdominal spine is quite rudimentary. In 
this stage (fig. 152), the larva closely resembles some of the 
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Trilobites, such as Trinucleus and Asaphus. After hatching, 
the previously existing segmentation is soon obliterated, and, 
three or four weeks later, the telson assumes the ensiform 



Fig. i5o.--Xiphosura. Limiilus folyfihe- 
juus, viewed from below, c The ce- 
phalic shield carrying the sessile eyes 
upon its upper surface; o “Opercu- 
lum,” covering the reproductive organs ; 

Branchial plates ; a First pair of an- 
tennsc (antennules) ending in chelae. 
Below these is the aperture of the mouth, 
surrounded by the spiny bases of the re- 
maining live pairs of appendages, which 
are regarded by Woodward as being re- 
spectively, from before backwards, the 
great antennae, the mandibles, the first 
maxillae, the second maxillae, and a pair 
of maxillipedes. All have their extremi- 
ties chelate. 



at the anterior margin of the carapace ; 
m m The mandibles, and the first and 
second maxillae ; n « The maxillipedes - 
the basal margins of these are serrated, 
and arc drawn as if seen through the me- 
ta.stoma or post-oral plate, which serves 
as a lower lip. Immediately behind this 
is seen the operculum or thoracic plate 
which covers the two anterior thoracic 
somites. Behind this are five thoracic 
and five abdominal somites, and lastly 
there is the telson (/). 


shape characteristic of the adult. According to the views of 
Van Beneden, the development of Limulus so closely resem- 
bles that of the Scorpions, that the former should properly be 
removed from the Crustacea^ and placed in the Araxhnida, 

The King-crabs .are found in the Indian and Japanese seas, 
on the coasts of North America, and in the Antilles. They 
sometimes attain a large size, and both the eggs and the flesh 
are eaten by the Malays. 

Sub-order 2. Eurypterida. — “ Crustacea with numerous. 
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free^ thoracico-abdo7ninal segments^ the first and second {?) of 
which bear one or more broad lamellar appendages upon their 
ventral surface, the remahiing segtnents bemg devoid of appen- 
dages ; anterior rings ufiited into a 
carapace, bearing a pair of larval eyes 
(ocelli) fiear the centre, a7id a pair 
of large margiiial or sub-central eyes : 
the mouth furfiished with a broad 
post-oral plate, or metastoma, and five 
pah^s of fjwvable appendages, the pos- 
terior of which form great swwwiing- 
feet: the telson, or ter7nmal seg7ne7it, 
extremely variable in for7n; the in- 
teg77ient characteristically sculptured^' 
(Henry Woodward). 

The Eurypterida are all extinct, 
Fig. i52.-Larva of Litunius on and are entirely confined to the Pal- 
“hn..r“‘'" period. Many of them at- 

tained to a comparatively gigantic 
size; Pterygotus A7iglicus (fig. 15 1 ) being supposed to have 
reached a length of probably six feet. In their characters they 
present many larval features ; resembling the larvae of the Deca- 
poda especially in the fact that all the free somites of the abdomen 
. (except the two anterior ones) were totally devoid of appendages. 



CHAPTER XXXIII. 

MALACOSTRACA. 

SuiJ-CLASs IV. Malacostraca (Thoracipoda, Woodward). — 
The Crustacea of this sub-class are distinguished by the pos- 
session of a generally definite number of body-segments ; seven 
somites going to make up the thorax, and an equal number 
entering into the composition of the abdomen (counting, that 
is, the telson as a somite). The Malacostraca are divided into 
two primary divisions, termed respectively the Edriophthal- 
mata and the Podophthahnata, according as the eyes are sessile 
or are supported upon eye-stalks. 

Division A. Edriophthalmata.— This division comprises 
those Malacostraca in which the eyes are sessile, and the body 
is mostly not protected by a carapace. It comprises ‘the three 
orders, Lcetnodipoda^ Isopoda, and Amphipoda, The eyes are 
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generally compound, but sometimes simple, and are placed on 
the sides of the head. The head is almost always distinct 
from the body, and the mandibles are often furnished with a 
palp. Typically there are seven pairs of feet in the adult, 
hence this division is called Tetradecapoda by Agassiz. In 
certain Isopods {Tanais) alone is there a carapace. 

Order I. L^emodipoda. — Small Crustaceans^ with a rudi- 
mentary abdomen^ the first tzao segments of the thorax amalga- 
mated with the heady atid carrying legs. J 3 ranchice as two or three 
pairs of vesicles y borne on the thorax. The Lcemodipoda are small 
Crustaceans, which are distinguished amongst the Edrioph- 
thalmata by the rudimentary condition of the abdomen. The 
first thoracic segment is amalgamated with the head, and the 
limbs of this segment appear to be inserted beneath the head, 
or, as it were, beneath the throat (fig. 153); hence the name 
given to the order. The 
respiratory organs are in 
the form of two or three 
pairs of membranous ves- 
icles attached to the seg- 
ments of the thorax, or to 
the bases of the legs. The Fig. 153.— Lamodipoda. Caprdla phusma. 
last pair of feet are either 

inserted at the end of the last somite, or are followed by not 
more than one or two small segments. There are four seta- 
ceous antennae, and the mandibles are without palps. The 
body is generally linear, of eight or nine joints, but is some- 
times oval. The feet are hooked. The Lcemodipoda are all 
marine, and one section of the order comprises parasitic Crus- 
taceans, of which the Whale-louse {Cyamus ceti) is the most 
familiar. The entire order is now generally regarded as being 
merely a section of the Amphipoda, 

Order II. Amphipoda. — The members of this order re- 
semble those of the preceding in the nature of the respiratory 
organSy which cotisist of membranous vesicles attached to the 
bases of the thoracic limbs. The first thoracic segfnenty how- 
every is distinct from the heady and the abdomen is well developedy 
a?td is composed of smen segments. There are sa>en pairs of 
thoracic limbsy directed partly forwards and partly backivardsy 
the name of the order being derived from this circumstance. 
As in the Leemodipoday the heart has the form of a long tube 
extending through the six segments following the head, and 
having the blood admitted to its interior by three pairs of valv- 
ular fissures. The three posterior pairs of abdominal limbs 
are bent backwards, and form, with the telson, a natatory or 
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saltatorial tail. The young Amphipod acquires its full number 
of segments and limbs before its liberation from the egg ; and, 
as a rule, the young undergo little or no metamorphosis in 
reaching maturity. 

All the Amphipoda are small, the “Sand-hopper” (Talitms 
loctista, fig. 154) and the “fresh-water Shrimp” {Gammarus 



Fig. 154.— Amphipoda. The Sand-hopper, Taliirm locusia, enlarged. 


pulex) being two of the commonest forms. The Sand-hoppers 
and Gammari swim on their side when in the water, and the 
former leap with great activity on land. 

Order III. Isopod a. — In this order the head is always dis- 
tinct from the segment bearing the first pair of feet. The respira- 
tory organs are not thoracic^ as in the two preceding orders, 
but are attached to the inferior surface of the abdomen, and con- 
sist of branchice, which in the terrestrial species are protected by 
plates which fold over them. The thorax is composed of serfen 
segments, bearing seven pairs of limbs, which, in the females, 
have marginal plates, attached to their bases, and serving to 
protect the ova. The number of segments in the abdomen 
varies, but is never more than seven. The abdominal seg- 
ments are coalescent, and form a broad caudal shield, beneath 
which the branchiae are carried. The eyes are two in number, 
formed of a collection of simple eyes, or sometimes truly com- 
pound. The heart is sometimes an elongated tube, with three 
pairs of fissures (as in the Amphipoda), sometimes short or 
spherical, removed towards the abdomen, and with more or 
fewer fissures than the above. The young Isopod is developed 
within a larval membrane, destitute of appendages. After a 
time this membrane bursts, and liberates the young, which 
resembles the adult in most respects, but possesses only six 
instead of sev^n pairs of limbs. Of the members of this order, 
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many are aquatic in their habits, and are often parasitic, but 
others are terrestrial. 

By Milne- Edwards the Isopoda are divided into three sections, termed 
respectively, from their habits, the Natatorial^ Sedentary^ and Cursorial 
Isopods. In the Natatorial Isopoda the extremity of the abdomen and the 
last pair of abdominal legs are expanded so as to form a swimming-tail. 
Some of this section are parasitic upon various fishes {Cymothoa\ whilst 
others are found in the sea {Sp/ueroma). In the Sedentary Isopoda the 
animals are all parasitic, with 
short, incurved, hooked feet. 

This section includes the single 
family of the BopyridaHy all the 
species of which live parasitically 
either in the gill-chambers, or 
attached to the ventral surface, 
of certain of the Decapod 
Crustacea^ such as the Shrimps, 

{Crangones) and the Palaniones. 

The Cursorial^ or running 
Isopods mostly live upon the 
land, and are therefore destitute 
of swimming-feet. The most fa- 
miliar examples of this section 
are the common Wood-lice 
(Oniseus), Here, also, belongs 
the little It mnorta teredo an Sf so pjg — Isopoda. Wood lice twice 

well known for the destruction the natural size, 

which it produces by boring into 

the wood-work of piers and other structures placed in the sea. Other 
well-known Isopods are the Water-slaters [Asellus) of fresh waters, the 
Rock-slaters {IJ^ia) of almost all coasts, the Box-slaters (Idat/tea), the 
Shield-slaters {Cassidina)^ and the Cheliferous Slaters {Tanais), These 
last are remarkable as being the only Isopods in which there is a carapace. 
The lateral parts of the carapace, also, are highly vascular, and respiration 
is effected by these, and not by the abdominal feet. 

Many Isopods undergo an extensive metamorphosis. ** In some Fish- 
lice {Cyviothod) the young are lively swimmers, and the adults are stiff, 
heavy, stupid fellows, whose short clinging feet are capable of little move- 
ment.” In the Bopyrida^ the adult females are usually blind, the antennee 
are rudimentary, and the abdominal appendages from natatory become 
respiratory organs. The males, on the other hand, are dwarfed, and 
sometimes lose all the abdominal appendages and all traces of segmenta- 
tion ; until we get forms which, like Cryptoniscus planarioidcs^ “would 
be regarded as a Flat-worm rather than an Isopod, if its eggs and young 
did not betray its Crustacean nature” (Fritz Miiller). 

Division B. Podophthalmata, — The members of this divi- 
sion have compound eyes supported upon movable stalks or 
peduncles, and the body is always protected by a cephalo- 
thoracic carapace. Most of the Podophthalma pass through 
Zoea-stages in their development It comprises the two orders 
Stomapoda and Decapoda, of which the latter includes all the 
highest and most familiar examples of the class Crustacea. 

U 
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Order I. Stomapoda. — In this order there are generally 
from six to eight pairs oflegSy and the branchiae, when present, are 
7 iot enclosed in a cavity beneath the thorax, but are either suspended 
beneath the abdomen, or, more rarely, are attached to the thoracic 
legs. The shell, also, is thin, and often membranous. From 
all the preceding orders the Stomapoda are, of course, distin- 
guished by the possession of pedunculate eyes. The develop- 
ment of the Stomapoda would appear to be by means of “ Zoeae.” 

All the Stomapoda are marine, with the single exception 
of the My sis relicta of the great lakes of Sweden and North 
America; and the Locust Shrimp {Sqiiilla mantis) may be 
taken as a good example of the order. In this Crustacean 
(fig. 156) the carapace is small, and does not cover the pos- 
terior half of the thorax. The 
eyes and antennae are attached 
to a somite which is not solder- 
ed to the ceiDhalothorax. Sev- 
eral of the anterior appendages 
are developed into powerfully 
prehensile and hooked feet. 
The branchiae are attached to 
the first five pairs of abdominal 
feet. The three posterior tho- 
racic and the abdominal ap- 
pendages are in the form of 
“ swimmerets,’’ and the tail is 
expanded into a powerful fin.. 
Besides the Locust Shrimps, 
the order includes the Glass 
Shrimps {Erichthys) and their 
allies, and the Opossum Shrimps 
{Mysis). 

Order II. Decapoda. — The 
members of this order are the 
most highly organised of all the 
Crustacea, as well as being 

Fig. the Locu.st those which are most familiarly 

known, the Lobsters, Crabs, 
Shrimps, &c., being comprised under this head. For the most 
part they are aquatic in their habits, and they are usually pro- 
tected by strong resisting shells. There is always a compli- 
cated set of “ gnathites,'" or appendages modified for masticat- 
ory purposes, surrounding the mouth. The ambulatory feet are 
made up of five pairs of legs (hence the name of the order); the 
first pair — and often some other pairs behind this — being “ che- 
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late^' or having their extremities da^eloped into nipping-claws. 
The bra?ichice are pyramidal^ and are contained in cavities at the 
side of the thorax. The carapace is large, covering the head and 
thorax, and the anterior part of the abdomen. The heart of the 
Decapoda is in the form of a more or less quadrate sac, fur- 
nished with three pairs of valvular openings. As regards the 
development of the Decapods enormous differences obtain, 
even amongst forms very closely allied to one another. 

The Decapoda are divided into three tribes, termed respec- 
tively. the Macrura, Anoiniira, and Brachyura, and charac- 
terised by the nature of the abdomen. 

Tribe A. Macrura. — The “long-tailed” Decapods included 
in this tribe are distinguished by the possession of a well- 
developed abdomen, often longer than the cephalothorax, the 
posterior extremity of which forms a powerful natatory organ 
or caudal fin. As regards the development of the Macrura, 
most appear at first in the form of “Zoese;”’^ but there is 
little metamorphosis in the common Lobster, and there is said 
to be none in the Cray-fish {Astaais fluviatilis). Fritz Muller, 
again, has shown that the primitive form of one of the Shrimps 
{Peneus) is that of a “ Nauplius.” Lastly, the young of the 
Spiny Lobster {Palinurus vulgaris) are transparent Phyllosomce, 
resembling Stomapods in appearance. This section comprises 
the Lobster, Cray-fish, Shrimp, Prawn, &c., of which the Lob- 
ster may be taken as the type. 

In the Lobster (figs. 136, 137), as also in the Cray-fish 
(fig. 157), the somites of the head and thorax are amalgamated 
into a single mass, the “ cephalothorax,” covered by a carapace 
or shield, which is developed from “ the lateral or epimcral 
elements of the fourth cephalic ring, which meet along the 
back, and give way preparatory to the moult. The tergal 
elements of the thoracic rings are not developed in either 
Crabs or Lobsters ; when these rings are exposed by lifting up 
the cephalothoracic shield, the epimeral parts alone are seen, 

* The young Decapod, in most cases, leaves the egg in a larval form so 
different to the adult that it was originally described as a distinct animal 
luuler the name of Zoea. In this stage (fig. 160) the thoracic segments 
with the five pairs of legs proper to the adult are cither wanting or are 
quite rudimentary. The abdomen and tail are without appendages, and 
the latter is composed of a single piece. The foot-jaws are in the form of 
natatory forked feet, and the mandible has no palp. Lastly, there are 
no branchioe, and respiration is carried on by the lateral parts of the cara- 
pace. The “Zoea” is separated from the “Nauplius” by having a seg- 
mented body, large paired eyes (sometimes with a median eye), and a 
carapace. The form proper to the adult is not attained until after several 
moults, constituting a genuine metamorphosis, though one which is effected 
by very gradual stages. 
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converging obliquely towards one another, but not joined at 
their apices ” (Owen). 

The first segment of the head bears the compound eyes, 
which are supported upon long and movable eye -stalks or 
peduncles. Behind these come two pairs of jointed tactile 
organs, the larger called the “great antennse,^’ the smaller the 
“ antennules.” The mouth is situated on the under surface of 
the front of the head, and is provided from before backwards 
with an upper lip (“ labriim ’*), two “mandibles,** two pairs of 
“maxillae,** three pairs of “ maxillipedes ** or “foot-jaws,** and 
a bifid lower lip, or “metastoma** (fig. 158). The five remain- 



Fig. 158. — Gnathites of the 
Fig. 157. — The common Cray-fish Cray-fish {Asiacus JJuvia- 

ntilis\ viewed from helow. a Antennules ; b tilts), a Mandibles ; b Max- 

Large antennae ; c Eyes ; d Opening of auditory illae ; c Second pair of max- 

sac; ^ Las^air of foot-jaws ;y One of the great illae; d First pair of foot- 

chelae ; g Fifth thoracic limb ; k Swimmerets ; jaws ; e Second pair of foot- 

i The last pair of swimmerets ; j The opening jaws ; f Third pair of foot- 

of the anus below the telson. jaws. 

ing segments of the thorax carry the five pairs of ambulatory 
legs, of which the first constitute the great claws, or “ chete ; ** 
the next two pairs are also chelate, though much smaller ; and 
the last two pairs are terminated by simply pointed extremities. 
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The segments of the abdomen carry each a pair of natatory 
limbs, or “ swimmerets,’* the last pair being greatly expanded, 
and constituting, with the “ telson,” a powerful caudal fin. Most 
posteriorly of all is the post-anal plate, or ‘‘ telson,” which may 
be looked upon either as an azygous appendage, or as a ter- 
minal segment which has no lateral appendages. 

The mouth leads by a short oesophagus into a globose 
stomach, in the cardiac portion of which is a calcareous appa- 
ratus, for triturating the food, which is commonly called the 
‘‘ lady in the lobster.'* The intestine is continued backwards 
from the stomach without convolutions, and the anal aperture 
is situated just in front of the telson. There is also a well- 
developed liver, consisting of two lobes which open by separate 
ducts into the intestine. 

The heart is situated dorsally, and consists of a single poly- 
gonal contractile sac, which opens by valvular apertures into 
a surrounding venous sinus, inappropriately called the peri- 
cardium.** The heart is filled with oxygenated blood derived 
from the gills, and propels the aerated blood through every 
part of the body. The gills (fig. 137, 3, g) are pyramidal bodies 
attached to the bases of the legs, and protected by the sides of 
the carapace. They consist each of a central stem supporting 
numerous laminae, and they are richly supplied with blood, 
but are not ciliated. The water which occupies the gill-cham- 
bers is renovated partly by the movements of the legs, and 
partly by the expanded epipodite of the second pair of maxillae, 
which constantly spoons out the water from the front of the 
branchial chamber, and thus causes an entry of fresh water by 
the posterior aperture of the cavity. 

The nervous system is of the normal “ homogangliate ** type, 
consisting of a longitudinal series of ganglia of different sizes, 
united by commissural cords, and placed along the ventral 
surface of the body. The organs of sense consist of the two 
compound eyes, the two pairs of antennae, and two auditory sacs. 

The sexes are invariably distinct, and the generative pro- 
ducts are conveyed to the exterior by efferent ducts, which 
open at the base of one of the pairs of thoracic legs. The 
ovum is “ meroblastic,** a portion only of the vitellus under- 
going segmentation. The neural side of the body — that is to 
say, the ventral surface — appears on the surface of the ovum, 
so that the embryo is built up from below, and the umbilicus 
is situated posteriorly. 

Tribe B. Anomura. — The Decapods which belong to this 
tribe are distinguished by the condition of the abdomen, which 
is neither so well developed as in the Macrura, nor so nidi- 
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mentary as in Crabs. Further, the abdomen does not ter- 
minate posteriorly in a caudal fin, as in the Lobster. The 
development in the Anomura appears invariably to take place 
through Zoea-forms. 

The entire group of the Anomura must be regarded as an 
artificial assemblage, composed of modified forms of both the 
Macrura and the Brachytira, 

The most familiar of the Anomura are the Hermit-crabs 
{Faguridce). In the common Hermit-crab {Pagurus Bernhar- 
dus) the abdomen is quite soft, and is merely enclosed in a 
membrane, so that the animal is compelled to protect itself by 
adopting the empty shell of some Mollusc, such as the common 
Whelk, which it changes at will when too small. The Hermit 
is provided with a terminal caudal sucker, and with two or 



Fig. 159.— Brachyura. The Spiny Spider-crab {Maia squhiadd). 


three pairs of rudimentary feet developed upon the abdomen, 
by means of which he retains his position within his borrowed 
dwelling. The abdominal appendages, however, are mostly 
unsymmetrical. The carapace is not strong, but the claws are 
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well developed, one being always larger than the other. Other 
forms of the Anoniura are the Sponge-crabs (Dromia\ the Crab- 
lobsters (ForcellancB\ and the Tree-crabs {Birgiis), 

Tribe C. Brachyura. — The ‘‘short-tailed” Decapods, or 
Crabs, are distinguished from the two preceding tribes by the 
rudimentary condition of the abdomen, which is very short, 
and is tucked up beneath the cephalothorax, the latter being 
disproportionately large. The extremity of the abdomen is 
not provided with any appendage, and it is merely employed 
by the female to carry the ova. The Crabs (fig. 159) are 
mostly furnished with ambulatory limbs, and are rarely formed 
for swimming, most of them being littoral in their habits, and 
some even living inland. 

In all the essential points of their anatomy the Crabs do not 
differ from the I^obster and the other Macriira; but they are 
decidedly higher in their 

organisation. This is espe- \ 

cially seen in the disposition \ 

of the nervous system, the U 

ventral ganglia in the Crab 

being concentrated into a ^ 

single large ganglion, from V 

which nervous filaments are /■-' v 

sent to all parts of the body. 

In the Land-crabs {Gecar- 
emus) respiration is by 

branchiae, but there is al- f f in 'MtI 

most always an aperture I //I 

behind the carapace for the II0 

admission of air. They are I if ll \ 

distributed over the warm I j H' ' V 

countries of the Old and \ \ \\ 

New Worlds, as well \ \ 

Australia. They are essen- ^ 

tially terrestrial in their ha- 

bits, and migrate in large 

bodies to the sea, in order ^ ^ 

to lay their eggs. Besides \ \ 

the true Gecarcini, members \ ^ 

of other very different fam- ^ . « . , ^ , 

llieS live more or less con- [Mata sguinado), enlarged. 

stantly on dry land, and 

have air admitted directly into the branchial chamber. Amongst 
these are the Calling crabs {Gelasvnus) and the Sand-crabs 
{Ocypoda). 
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Reproduction in the Crabs is the same as in the Macrura^ 
but the larva is exceedingly unlike the adult, and approximates 
closely to the type of the Macrura^ another proof that the 
Brachyura stand higher in the Crustacean scale. The larval 
Crab was originally described as a distinct animal, under the 
name of Zoea (fig. i6o), presenting in this condition a long and 
well-developed abdomen. It is only after several successive 
moults that the young Crab assumes its characteristic Brachyur- 
ous form, and acquires by gradual changes the features which 
distinguish the adult. The ZoecB of the Crabs are usually dis- 
tinguished by the possession of long spines developed from 
the carapace. When first liberated from the egg, the Zoea is 
enveloped in a larval skin or membrane, which is shed in a few 
hours. Among the Land-crabs, there is no metamorphosis in 
Gecarcimis; but in some of the Gecardnid^ the young are 
Zoece, 


CHAPTER XXXIV. 

DISTRIBUTION OF THE CRUSTACEA. 

Distribution of Crustacea in Space. — The Crustacea are 
distributed over the whole globe, some forms being terrestrial 
in their habits, but the majority inhabiting the sea or fresh 
water. As a rule, the development of the Crustacean fauna is 
in proportion to the temperature, the higher and larger forms 
being most abundant in warm regions. The groups of the 
Cirripedia, Rhizocephaia, Xiphosura^ and Lcemodipoday are only 
found in salt water. On the other hand, the Ichthyophthira^ 
Ostracoda, Copepoda^ Phyllopoda^ Eurypterida (?), Amphipoda^ 
Stomapoda, Isopada, and Decapoda^ are found both in fresh and 
in salt water. Of these, however, the Phyllopods are princi- 
pally fresh-water forms, and the Stomapods and Decapods are 
essentially inhabitants of the sea ; whilst the Eurypterids are 
certainly mainly a salt-water group, though some forms may 
perhaps have lived in fresh water as well. The Isopoda and 
Decapoda also include terrestrial forms. 

Distribution of Crustacea in Time. — As regards the 
general distribution of the Crustacea in time, remains of the 
class are comparatively abundant in all formations except the 
very oldest j as might have been expected from the generally 
chitinous or sub-calcareous nature of their integuments and 
their aquatic habits. Owing also to their habit of periodically 
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casting their shell, a single individual may leave repeated 
traces of himself, and the number of fossils may considerably 
exceed that of the individuals which actually underwent fossili- 
sation. The Crustaceans appear to have commenced their 
existence in the Cambrian period, remains of members of this 
class being tolerably abundant in the higher portion of this 
formation. The Palaeozoic formations, taken as a whole, are 
characterised by the predominance of the orders Trilohita^ 
Eurypterida^ Ostracoda, and Phyllopoda^ of which the two 
former are exclusively confined to this period. All the other 
orders of Crustacea which have left any traces of their past 
existence at all, appear to have come into existence before the 
close of the Palaeozoic period. Upon the whole, however, 
there has been a marked progression in proceeding from the 
older formations to the present day. The Trilobites and 
Eurypterids of the older Palaeozoic rocks, though highly 
organised so far as their type is concerned, are in many re- 
spects inferior to later forms, whilst they present some striking 
points of resemblance to the larval forms of the higher groups. 
The great group of the Stalk-eyed Crustaceans — undoubtedly 
the highest of the entire class — is not represented at all till we 
reach the Devonian rocks; and it is not till we come into 
the Secondary period that we find any great development of 
this group, whilst its abundance increases to a marked extent 
in the Tertiary period, and it attains its maximum at the pres- 
ent day. Similarly, of the two orders of the Merostomata, the 
Eurypterida are confined to the earlier portion of the Palaeozoic 
period, whilst the more highly organised and less larval King- 
crabs {Xiphosura) hardly made their appearance till the Eu- 
rypterids had disappeared, at the close of the Carboniferous 
period. 

1. Cirripedia. — The Cirripedes are hardly known as Palceozoic fossils, 
but valves of a singular member of this order ( Tnrrilepos) have been found 
in the Silurian rocks. With few exceptions, the Cirripedes are entirely 
confined in past time to the Secondary and Tertiary epochs. The Bala- 
nid(B are the most common, commencing, with the doubtful exception of a 
Liassic form, in the Chalk, and attaining their maximum in recent seas. 
The Verrudda commence in the Chalk, and the LcpadidtCy with one or 
two exceptions, begin in the Jurassic rocks, and attain their maximum of 
development in the Cretaceous epoch. The Upper Silurian genus Ttir- 
rilepasy above mentioned, is also referable to the Lepadoids. 

2. Ostracoda, — Small Ostracode Crustacea are extremely abundant as 
fossils in many formations, and extend from the Cambrian period up to 
the present day, 

3. Phyllopoda, — Remains of Crustaceans supposed to belong to this 
order are found in the Palaeozoic rocks, ffymetiocaf'is is found in the 
Upper Cambrian, Caryocaris in the Lower Silurian j Ceratiocaris in the 
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Upper Silurian, and Dithyrdcans in the Carboniferous Limestone. All 
these forms, with other similar ones, aVe believed to be most closely allied 
to the recent Apus and Nebalia. The genus Estheria^ represented by 
many forms from the Devonian period to the present day, is also to be 
referred here. ^ 

4. Trilobita, — The Trilobites are exclusively Palaeozoic fossils. In the 
Upper Cambrian rocks — the so-called “primordial zone" — there occurs a 
singular group of Trilobites — the so-called primordial Trilobites — dis- 
tinguished by the possession of many larval characters. In the Lower and 
Upper Silurian rocks the Trilobites attain their ndaximum of develop- 
ment. They are still well represented in the Devonian rocks ; but they 
die out completely before the close of the Carboniferous epoch, being rep- 
resented in the Mountain Limestone by four genera only (Fhiliipsia, 
Br achy met opus y EroetuSy and Griffithides\ 

5. Enrypterida. — These, like the last, are entirely Palaeozoic, attaining 
their maximum in the Upper Silurian and Devonian formations, and dying 
out in the Carboniferous rocks. Pterygotusy Eurypterus, and Slimonia 
are the most characteristic genera. 

6. Xiphostira. — The genus Limulus commenced, as far as is yet known, 
in the Permian period, and has survived up to the present day. Its first 
appearance, therefore, was just at the close of the Palaeozoic epoch. Of 
the remaining genera, which constitute with Limulus this sub -order, 
BclinimiSy EuprodpSy and Preslwichiay are Palieozoic, and are not known 
to occur out of the Carboniferous rocks. The genus NeolimtUtis is 
Upper Silurian. 

7. Amphipoda, — The oldest known Amphipod is the Necrogamvtarus of 
the Upper Silurian. 

8. Isopoda, — The earliest known Isopod is the Pricarctiirns of the De- 
vonian rocks. 

9. Stomapoda. — This order is doubtfully represented in the Carbon- 
iferous rocks by the g^nus PahtocariSy and by some allied types. 

10. Decapoda, — The Macrurous Decapods commence their existence in 
the Carboniferous period, or perhaps in the Devonian, with a few Prawn- 
like forms ; and the Brachyura seem to have existed at the same period. 
The Decapoda are, however, well represented, in all their three tribes, in 
the Secondary and Tertiary epochs, attaining their maximum at the pres- 
ent day. The London Clay (Eocene) is especially rich in the remains of 
Macnira and Brachyura. 


CHAPTER XXXV. 

ARACHNIDA. 

Class II. Arachnid a. — The Arachnida — including the Spi- 
ders, Scorpions, Mites, &c. — possess almost all the essential 
characters of the Crustacea^ to which they are very closely 
allied. Thus, the body is divided into a variable number of 
somites, some of which are always provided with articulated 
appendages. A pair of ganglia is primitively developed in 
each somite, and the neural system is placed ventrally. The 
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heart, when present, is always situated on the opposite side of 
the alimentary canal to the chain of* ganglia. The respiratory 
organs, however, whenever these are differentiated, are never 
in the form of branchiae as in the Crustacea^ but are in the 
form either of pulmonary vesicles or sacs, or of ramified tubes, 
formed by an involution of the integument, and fitted for 
breathing air directly. Further, there are never “more than 
four pairs of locomotive limbs, and the somites of the abdomen, 
even when these are well developed, are never provided with 
limbs \ ” the reverse being the case amongst the Crustacea, 
Lastly, in the higher AracJmida^ as in the higher Crustacea^ 
the body is composed of twenty somites^ six of which are 
allotted to the head ; but in the former class, one of the two 
normal pairs of antennae is never developed, and the eyes are 
always sessile; while, in the higher Crustacea^ the eyes are 
mounted upon movable peduncles, and both pairs of antennce 
are developed ” (Huxley). 

The head of the Arac/imJa is always amalgamated with the 
thorax, to form a “ cephalothorax ; ” the integument is usually 
chitinous, and the locomotive limbs are mostly similar in form 
to those of insects, and are usually terminated by two hooks. 

In many of the Arachnida the integument remains soft over 
the entire body ; in others, as in the majority of Spiders, the 
abdomen remains soft and flexible, whilst the cephalothorax is 
more or less hard and chitinous ; in the Scorpions, again, the 
integument over the whole body forms a strong chitinous shell. 
The cephalothorax may be segmented {Solpugidee) ; and the 
abdomen may or may not be segmented. Though four pairs 
of legs are present, the first is certainly homologous with the 
labial palpi of the Insecta, 

The typical somite of the Arachnida is constituted upon 
exactly the same plan as that of the Crustacea^ consisting 
essentially of a dorsal and ventral arc ; the former composed 
of a central piece, or “ tergum,^^ and of two lateral pieces, or 
“ epimera ; whilst the latter is made up of a median “ ster- 
num ” and of two lateral “ episterna.” 

As regards the composition of the cephalothorax of Spiders, 
“ the tergal elements of the coalesced segments are wanting, 
and the back of the thorax is protected by the elongation, con- 
vergence, and central confluence of the epimeral pieces ; the 
sternal elements have coalesced into the broad plate in the 
centre of the origins of the ambulatory legs, from which it is 
separated by the episternal elements. . . . The non-develop- 
ment of the tergal elements explains the absence of wings ” 
(Owen). 
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The mouth is situated, in all the Arachnida^ in the anterior 
segment of the body, and is surrounded by suctorial or mas- 
ticatory appendages. In the higher Arachnida^ the mouth is 



tig. i6i. Ajlhe^aleof the common House-Spider (Tegenaria considerably 

magnified : c Front portion of the body, consisting of the amalgamated head and 
thorax ; / Maxillary palpi ; a Abdomen. B, Front portion of the head of the same, 
showing the eight eyes (/), and the mandibles (»). C, Under side of the head and 
trunk, showing the true jaws (wz), the lower lip (/), and the horny plate to which the 
l^.s are attached. D, Diagram of one of the air-chambers or breathing-organs. 
(Fjgs. A, B, and O are after Blackwall.) 


provided from before backwards with the following appendages 
(figs. i6i, 162): I. A pair of “falces,” or “mandibles,” used 
for prehension ; 2. A pair of “ maxillse,” each of which is pro- 
vided with a long jointed appendage, the “maxillary palp 
3. A lower lip, 6r “ labium.” In the Scorpion, an upper lip, 
or “labrum,” is also present.* 


* The nomenclature^ ordinarily applied to the parts of the mouth in the 
Arachnida is a misleading one, so far as the homologies of this class with 
the Insecta are concerned. Thus the so-called ‘ ‘ mandibles ” are really the 
antennm; the “mandibles” themselves are absent, but the “chelse” of the 
Scorpions may really represent the mandibular palpi;"" whilst the first 
pair of legs really correspond with the labial palpi,"" and the second pair 
of legs may possibly be a modification of a second pair of palps. 
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In the Spiders (fig. 162, 4) each falx or mandible terminates 
in a sharp movable hook, which possesses an aperture at its 
extremity communicating by a canal with a gland, which is 
placed in the preceding joint of the mandible, and secretes a 
poisonous fluid. The maxillary palps in the Spiders are long, 
jointed appendages, terminated in the females by pointed claws, 
but frequently swollen, and carrying a special sexual apparatus 
in the males. 

In the Scorpions (fig. 162, i) the mandibles are short and 
terminate in strong pincers, or “ chelicerae.” The maxillary 



I'tg. 162.^ — Morphology of Arachnida, i. Organs of the mouth in the Scorpion, on 
one side : m Mandibles (antennae) converted into chelae, and called the cheliccrae ; 
P Maxillary palpi greatly developed, and forming strong chelae. 2. Telson of the 
Scorpion. 3. One of the abdominal segments of the Scorpion, showing the “stig- 
mata," or apertures of the pulmonary sacs. 4. Te^enaria cij/tVis, the common 
Spider (male), viewed from below: s Spinnerets; Mandibles with their perforated 
hooks — below the mandibles are the maxillx, and between the bases of these is the 
labium ; p The maxillary palpi with their enlarged tumid extremities. 


palpi are also greatly developed, and constitute powerful gasp- 
ing claws, or “ chelae.” In the genus Galeodes, the mandibles, 
like those of the Scorpion, constitute “ chelicerae,” though corn- 
paratively much larger and longer ; but the maxillary palps are 
not developed into ‘‘ chelae.” 

With regard to antennae, these organs, as such^ do not exist 
in the Arachnida, It is generally believed, however, that the 
mandibles of the Arachnida are truly homologues, not of the 
parts which bear the same name in the other Ar/hro/oda, but of 
the antenna; and the name of “ falces ” is thus best applied to 
them. The antennae, therefore, of the Spiders are converted 
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into prehensile and offensive weapons; whilst in the Scorpions, 
as in the King-crabs, they are developed into nipping-claws, or 
chelae. 

In the lower Arachnida^ the organs of the mouth, though 
essentially the same as in the higher forms, are often enveloped 
in a sheath, formed by the labium and maxillae, whilst the 
mandibles are often joined together so as to constitute a species 
of lancet. 

The mouth conducts by an oesophagus, sometimes by the 
intervention of a pharynx, to the stomach, which often carries 
longer or shorter cjeca appended to it. The intestinal canal 
is short and straight, no convolutions intervening between the 
mouth and the anus. The terminal portion of the intestine 
is generally dilated into a cloaca, into which open, as a rule, 
branched or tortuous tubes, supposed to have a renal function, 
and to correspond with the “ Malpighian vessels ” of Insects. 
Salivary glands are generally present, and there is usually a 
well-developed liver. 

The circulation in the Arachnida is maintained by a dorsal 
heart, which is situated above the alimentary canal, and is 
wanting in the lower forms. Usually the heart is greatly 
elongated, and resembles the ‘‘dorsal vesser^ of the Insccta, 
In the lower Arachnida, however, there is no central organ 
of the circulation, and there are no differentiated blood-ves- 
sels. All the Arachnida, except some of the lowest, breathe 
the air directly, and the respiratory function is performed by 
the general surface of the body (as in the lowest members of 
the class), or by ramified air-tubes, termed “ tracheae,” or by 
distinct pulmonary chambers or sacs ; or, lastly, by a combina- 
tion of tracheae and pulmonary vesicles. The “ tracheae ” con- 
sist of ramified or fasciculated tubes, opening upon the surface 
of the body by distinct apertures, called “ stigmata.” The walls 
of the tube are generally prevented from collapsing by means 
of a chitinous fibre or filament, which is coiled up into a spiral, 
and is situated beneath their epithelial lining. The pulmonary 
sacs, or “ tracheal lungs,” are simply involutions of the integu- 
ment, abundantly supplied with blood; the vascular surface 
thus formed being increased in area by the development of a 
number of close-set membranous lamellae, or vascular plates, 
which project into the interior of the cavity. Like the tracheae, 
the pulmonary sacs communicate with the exterior by minute 
apertures, or “stigmata” (fig. 162, 3), and they are to be re- 
garded as being simply greatly expanded tracheae. 

The nervous system is of the normal articulate type, but is 
often much concentrated. Typically there is a cephalic or 
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“ cerebral ganglion, a large thoracic ganglion, and often small 
abdominal ganglia. In some of the lower forms the articulate 
type of nervous system is lost, and there is merely a ganglionic 
mass situated in the abdomen. In none of the Arachnida are 
compound eyes present, and in none are the eyes supported 
upon foot-stalks. The organs of vision, when present, are in 
the form of from two to eight or more simple eyes, or “ ocelli.*’ 
In all the Arachnida^ with the exception of the Tardigrada^ 
the sexes are distinct. The great majority of the Arac/mida 
are oviparous, and in most cases the larvae are like the adult 
in all except in size. In some cases, however (Acaruia), the 
larvae have only six legs, and do not attain the proper four 
pairs of legs until after some moults. 


CHAPTER XXXVI. 

DIVISIONS OF THE ARACHNIDA. 

The class of the Arachnida may be divided into the following 
orders : — 

Order I. Podosomata {Pantopoda). — Respiration effected 
by the general surface of the body ; limbs four pairs in number^ 
elongated ; abdomen rudunentary^ tmsegmmted ; sexes distinct. 

The members of this order, sometimes called “ Sea-spiders,” 
have been placed alternately amongst the Arachnida and the 
Crustacea, their true position being rendered doubtful by the 
fact that, though marine in their habits, they possess no dif- 
ferentiated respiratory organs. They possess, however, no 
more than four pairs of legs, and would therefore appear to be 
properly referable to the Arachnida. According to Dr Dohrn, 
however, the embryo is naupliiform, and this would support a 
reference of the order to the Crustacea. The commoner forms 
of the Podosomata (such as Nymphofi and Pycnogonuni) may be 
found on the sea-coast at low water, crawling about amongst 
marine plants or hiding beneath stones. Some species of the 
latter genus are parasitic upon fishes and other marine ani- 
mals, but the common British species {P. littoralc) is free when 
adult, and does not appear to be parasitic at any stage of its 
existence (fig. 164, a). The legs consist of four pairs, some- 
times greatly exceeding the body in length, and containing 
csecal prolongations of the digestive cavity for a portion of 
their length. The mouth is sometimes provided with a pair of 
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“ chelicerae,” or chelate mandibles, and with two well-devel- 
oped maxillary palpi, behind which in the female is a pair of 
false legs which carry the ova. The abdomen is rudimentary; 
but the cephalothorax is segmented. Though there are no 
respiratory organs, there is a distinct heart The sexes are in 
different individuals, and the larvae have at first only two pairs 
of legs. 

Order II. Acarina or Monomerosomata. — The mem- 
bers of this order possess an unsegmented abdomen which is 
fused with the cephalothorax into a single mass. Respiration 
is effected by trachecB^ or by the integument. Most of the 
Acarina are parasitic, and the most familiar are the Mites 
and Ticks. 


Family i. Pentastomida {Linguatulind), — The members of 
this family are worm-like parasites, which in their adult state 
are found in the interior of the frontal sinuses, the nose, or the 
lungs of the Dog, and of other Vertebrate animals. When 
fully grown (fig. 163) they are completely vermiform, with a 

soft annulated integument, and pos- 
sessing no external organs except 
retractile hooks, re- 
presenting limbs, placed near the 
mouth. The adult thus presents 
an external resemblance to the 
p=r W Toenice ^ from which, however, they 

^3 m C are separated by the details of their 
^ internal organisation. There are 

fe: differentiated organs of respira- 

tion or circulation, but the sexes 
distinct. The larvae (fig. 163, 
^1. mm M B) are found encysted in the liver 
or other internal organs of various 
\Wm Vertebrates (including man), and 

Possess two pairs of articulated 

^ ^ ^ Family 2, Tardigrada {Macro- 

Fig. .63.-A, or family 

female, of the natural size; C,Male COmpnSeS the SO-Called “ Sloth Or 

“ Bear Animalcules,” which are mi- 
showing the two pairs of articulated croscopic animals found in damp 
L?uckarO^^ o o an gutters Of hoUSeS 

(fig. 165, B). In form, the body is 
somewhat vermiform, with four pairs of rudimentary legs. The 
mouth is suctorial, with rudimentary jaws or stylets. They 
exhibit no traces of respiratory or circulatory organs, and, un- 
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like the other Arachnids, they have the sexes united in the 
same individual. 

Family 3. Acarida , — This family includes the Mites, Ticks, 
and Water- mites, some of which are parasitic, whilst others 




Hg. 164. — Araclitiida. n Fycnogonum littoralc ; b Tctrauychiis tclarius, one of the 
“ Sociable ” mites ; r Hydmchua globulus^ one of the “ Water-initcs.'* 


are free, and some are even aquatic in their habits. The mouth 
is formed for suction, or for biting. There is no definite line 



of demarcation between the unsegmented abdomen and the 
cephalothorax. 

In the true Acari (fig. 164, ^), of which the Cheese-mite may 
be taken as an example, there are four pairs of legs, adapted 
for walking, and the mouth is provided with distinct mandibles. 
Besides the Cheese-inite (A, domesiicus), another well-known 
species is the Acarus destructor^ which feeds upon various zoo- 
logical specimens, and is very annoying to the naturalist. In 
the Sarcoptes scabiei — the cause of the skin-disease known as 
the “ itch ” — the two anterior pairs of legs are provided with 

X 
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suckers, and the two posterior are terminated by bristles ; the 
mouth, also, is furnished with bristles (fig. 165, C). In the 
Ticks {Ixodes) the mouth is provided with a beak, or “ rostrum,^* 
which enables them to pierce the skin and retain their hold 
firmly. In the Hydracimidce (fig. 164, ^), or Water-mites, the 
head is furnished with two or four ocelli, and there are four 
pairs of hairy natatory legs. They are parasitic, during at 
least a portion of their existence, upon Water - beetles and 
other aquatic insects. They pass through a metamorphosis, 
the larva being hexapod, or having only three pairs of legs. 
The Garden-mites {Trombididce) and Spider-mites {Gaiiasidce) 
live upon plants; the Wood-mites {Oribatidce) and Harvest- 
ticks {Leptidcs) are to be found amongst moss and herbage, or 
creeping upon trees or stones ; whilst the true Ticks {Ixodidce) 
attach themselves parasitically by means of their suctorial 
mouth to the bodies of various Mammals, such as sheep, oxen, 
dogs, &c. Several Mites {Hialassarachnay Pontarachnay &c.) 
have been found to inhabit salt water, and several species of 
Trombididce live habitually between tide-marks. 

Another member of tht Acarina is the curious little Detnodex 
foUiculoriim (fig. 165, A), which is found in the sebaceous 
follicles of man, especially in the neighbourhood of the nose. 
It is . probable that very few, if any, individuals are exempt 
from this harmless parasite. 

Order III. Adelarthrosomata. — The members of this 
order, comprising the Harvest-spiders, the Book -scorpions, &c., 
are distinguished from the preceding by the possession of an 
abdomeUy which is more or less distinctly segmentedy but gefterally 
exhibits no line of separatimi from the cephalothoraxy the two 
regions being of equal breadth and conjoined together. The mouth 
is furnished with masticatory appendages, and respiration is 
effected by trachece, which open on the lower surface of the body 
by hvo or four stigmata. 

Family 1, Phalangidce. — The well-known “ Harvest- men ” 
belong to this family. They are characterised by the great 
length of the legs (fig. 166, 13 ), and by the filiform maxillary 
palpi, terminated by simple hooks. The abdomen and cepha- 
lothorax are of about, equal width, but clearly marked off from 
one another, and the former is segmented. There are two eyes, 
and the young pass through no metamorphosis. The Harvest- 
men are active in their habits and live upon animal food. . 

Family 2. Pseudoscorpionidce {Chelifendce), — The members 
of this little group are readily recognised by the fact that the 
maxillary palpi (fig. 166, A) are of large size, and are con- 
verted into nipping-claws or chelae, thus giving the animal the 



ANNULOSA: ARACHNIDA. 


323 


appearance of a Scorpion in miniature. The abdomen is seg- 
mented, but there is no “ post-abdomen,” as in the true Scor- 
pions. Eyes may be wanting, and the under surface of the ab- 



Fig. 166. — A, Chclifer cancroides, showing the chelate maxillar>’ palpi, considerably en- 
larged. B, Phalangium copikum^ of the natural size. C, Thclyphonns giganteus. 
Galeodes araneoides^ of the natural size. 


domen carries a small spinning-organ. The “ Book-scorpion ” 
{Chelifer) is commonly found in old books and in dark places. 

Fa^nily 3, Solpugidce, — In this family (fig. 166, D) the abdo- 
men is not only very distinctly segmented, but is also clearly 
separated from the cephalothorax, which is likewise segmented. 
The falces or mandibles are chelate, and of immense size ; 
and the maxillary palpi constitute long feet. The front of 
the head carries two eyes, and respiration is by tracheae. 
Galeodes may be considered as the type of the group, all the 
members of which are tropical or subtropical in their range, 
and are nocturnal and carnivorous in habit. 

Order IV. Pedipalpi. — Abdomen segmefitedy with or 7uith- 
out a post-abdomen'' Respiration by means of pulmonary sacs. 
In this order are the true Scorpions, together with certain other 
animals which are in some respects intermediate between the 
Scorpions and the true Spiders. The members of this order 
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are distinguished by the fact that the abdomen in all is dis- 
tinctly segmented, but is not separated from the cephalothorax 
by a well-marked constriction. They agiee in this character 
with the Adelarthrosoniata ; hence the two are sometimes 
united into a single order {Arthrogastra)^ but they are sepa- 
rated by the nature of the respiratory organs, the latter breath- 
ing by tracheae, and not by pulmonary sacs. 

Family i. Scorpionidce , — The Scorpions are amongst the best 
known of the Arachnida^ as well as being amongst the largest. 
They are distinguished by their long, distinctly segmented ab- 
domen, terminating in a hooked claw (figs. 162, 167). This 



Fig. 167. — Scorpion (reduced). 


claw, which is really a modified “ telson,” is the chief offensive 
weapon of the Scorpion, and is perforated at its point by the 
duct of a poison-gland which is situated at its base. The abdo- 
men is composed of twelve somites, not counting the telson, of 
which the last five constitute a true “tail” or “post-abdo- 
men;” but there is no evident line of demarcation between 
this region and the cephalothorax. The second segment of 
the abdomen carries below two curious comb-like organs, of 
uncertain use, but probably connected with reproduction. The 
thoracic segments carry four pairs of ambulatory feet. There 
are six, eight, ten, or twelve simple eyes carried on the top of 
the head. The maxillary palpi are greatly developed, and 
constitute strong nipping-claws, or “chelae” (figs. 162, 167). 
The mandibles (antennae) also form claws, or “chelicerae.” 
The respiratory organs are in the form of pulmonary sacs, four 
on each side, opening upon the under surface of the abdomen 
by as many stigmata, each of which is surrounded by a raised 
margin, or “peritrema” (fig. 162, 3). 

The Scorpions are mostly inhabitants of warm regions, and 
their sting, though much exaggerated, is of a very severe 
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nature. They live under stones or in dark crevices, and run 
swiftly, carrying the tail curved over the back. They feed on 
insects, which they hold in the chelate palpi, and sting to 
death. The largest forms, from Central Africa and South 
America, attain a length of nine or ten inches. 

Family 2. Thelyphonida. — The members of this family in 
external appearance closely resemble the true Spiders, from 
which they are separated by the possession of a segmented 
abdomen, and long spinose palpi, and by the absence of spin- 
nerets. They are distinguished from the Scorpionida by the 
amalgamation of the head and thorax into a single mass, which 
is clearly separated from the abdomen by a constriction, as 
well as by the fact that the maxillary palpi terminate in mov- 
able claws instead of chelae. Further, the extremity of the 
abdomen is not furnished with a terminal hook or ‘‘sting.” 

In Thelyphojius (fig. 166, C) the abdomen terminates in 
three post-abdominal segments, to which a long many-jointed 
caudal appendage is attached ; but in Phrynus the abdomen 
ends in a button-like segment. The first pair of legs is the 
longest (immensely so in Fhrynus\ the falces are not chelate ; 
and the maxillary palpi, though of large size, and sometimes 
didactyle, do not form true chelae. The genus Thelyphonus is 
confined to the tropical parts of Asia, America, and Australia, 
and the genus Phrynus is also wholly tropical. 

Order II. Araneida or Spha:rogastra. — This order in- 
cludes the true Spiders, which are characterised by the amal- 
gamation of the cephalic and thoracic segments into a single mass, 
and by the generally soft, unsegmented abdomen, attached to the 
cephalothorax by a constricted portion , or peduncle* Respiration 
is effected by pulmonary sacs in combination with trachece, (Hence 
the name Pulmotrachcaria, sometimes applied to the order.) 
The number of the pulmonary sacs is smaller in the true Spiders 
than in the Scorpions, being either two or four, opening by as 
many stigmata upon the under surface of the abdomen. Usu- 
ally there are only two pulmonary stigmata, placed just be- 
hind the peduncle which unites the cephalothorax with the 
abdomen, on the lower surface of the latter. In the Mygalidcr 
there are two posterior stigmata, leading into pulmonary sacs; 
and in other genera there are also two additional stigmata, 
which, however, open into tracheae, and not into pulmonary 
sacs. 

The head bears two, four, six, or eight simple eyes ; the 
mandibles are simply hooked, and are perforated by the duct 
of a gland which secretes a poisonous fluid ; and the maxillary 
palpi are never chelate. The maxillary palpi of the females 
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are almost always leg-like, and are often of the same form in 
the males. The latter, however, commonly have the ends of 
the palpi tumid, in which case they appear to be employed for 
the purpose of conveying the seminal fluid to the female, thus 
exercising a reproductive function. 

Spiders (figs. 162, 168) are all predaceous animals, and many 



Fig. i68.--Araneida. Theridion rtparium (female). 


of them possess the power of constructing webs for the capture 
of their prey or for lining their abodes. For the production of 
the web, Spiders are furnished with special glands, situated at 
the extremity of the abdomen. The secretion of these glands 
is a viscid fluid, which hardens rapidly on exposure to air, and 
which is cast into its proper, thread-like shape, by being passed 
through what are called the “spinnerets.’’ These are little 
conical or cylindrical organs, four or six in number, situated 
below the extremity of the abdomen, and possibly to be re- 
garded as modified limbs. The excretory ducts of the glands 
open into the spinnerets, each of which has its apex perforated 
by a great number of minute tubes, through which the secre- 
tion of the glands has to pass before reaching the air. Many 
spiders, however, do not construct any web, unless it be for 
their own habitations, but hunt their prey for themselve.s. 

The form of the web has been employed as a basis of classification of the 
Spiders, and amongst its numerous modifications, the following may be 
.specially alluded to : .Some forms (such as the common Garden -spiders) 
construct a web in the form of an incomplete or complete circle, with lines 
radiating from the centre. These have been termed “ OrhitelaHic''' Others 
— the so-called ** Retitelarioi ” — simply spin a thin suspended .sheet for their 
web. Others (** Tubifelarue^') construct a silken tube, inserted in any acci- 
dental cavity, its mouth being open and guarded by more or fewer threads. 
Lastly, others (*‘ Territelarice'^) spin a silken tube in a hole formed by the 
animal itsejf, and close its mouth by means of a variously-constructed lid. 

The Spiders are oviparous, and the young pass through no 
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metamorphosis ; but they cast their skins or moult repeatedly, 
before they attain the size of the adult. Most Spiders deposit 
their eggs in silken nests or cocoons, often beautifully con- 
structed, and sometimes carried about by the females. The 
males are generally smaller than the females, and of rarer 
occurrence. 

Distribution of Arachnida in Time. — The Arachnida 
are only very rarely found in a fossil condition. As far as is 
yet known, both the Scorpions and the true Spiders appear 
to have their commencement in the Carboniferous epoch, the 
former being represented by the celebrated Cyclophthalmus 
senior from the coal-measures of Bohemia, and by the Eoscorpius 
carbonarius of the Carboniferous strata of Illinois. Other 
Carboniferous Arachnida have been referred to the genera 
Eophrynus, Architarbiis^ and Mazonia. Spiders are also known 
to occur in the Jurassic rocks (Solenhofen Slates) and in the 
'I'ertiary period. The Mites, Harvest-spiders, and Book-scor- 
pions have been detected in amber. 


CHAPTER XXXVII. 

MYRIAPODA. 

Class III. Myriapoda. — The Myriapoda are defined as ar- 
ticulate animals in which the head is distinct^ and the remainder 
of the body is divided into nearly similar segments, the thorax 
exhibiting; no clear line of demarcation from the abdomen. There 
is one pair of antennee, and the number of the legs is always more 
than eight pairs. Respiration is by trachcce. 

In this class — comprising the Centipedes (figs. 169, 170) and 
the Millepedes — the integument is chitinous, the body is divided 
into a number of somites provided with articulated appendages, 
and the nervous and circulatory organs are constructed upon a 
plan similar to what we have seen in Crustacea and Arachnida. 
The head is invariably distinct, and there is no marked line of 
demarcation between the segments of the thorax and those of 
the abdomen. The body, except in Pauropus, always consists 
of more than twenty somites, and those which correspond to 
the abdomen in the Arachnida and Insccta are always provided 
with locomotive limbs. “ The head consists of at least five, 
and probably of six, coalescent and modified somites ; and 
some of the anterior segments of the body are, in many genera, 
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coalescent, and have their appendages specially modified to 
subserve prehension ” (Huxley). Fauropus has only nine pairs 
of legs ; but, with this exception, eleven pairs of legs is the 
smallest number known in the order. 

The respiratory organs, with one exception Pauroptfs), 




Fig. 169. — A, Litltobius forficatus^ enlarged and viewed from above: an Antennae; 
y Foot-jaws; h Head. B, Head of Lithobins Leachii^^ viewed from below (after 
Newport) : an Antennae -.y Hooked foot -jaws; I Lower lip, composed of two pieces. 
C, Head of Lithobins for/icatus, viewed from above (after Oervais) ; an Antenna ; 
e Eye. 

agree with those of the Insecta and of many of the Arachnida 
in being “ tracheae ” — that is to say, tubes, which open upon 
the surface of the body by minute apertures, or ‘‘ stigmata,’^ 
and the walls of which are strengthened by a spirally-coiled 
filament of chitine. The tracheae may or may not anastomose 
with one another as they do in Insects. 

The somites, with the exception of the head and the last 
abdominal segment, are usually undistinguishable from one 
another, and each generally bears a single pair of limbs. In 
some cases, however, each segment appears to be provided 
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with two pairs of appendages (fig. 17 1). This is really due to 
the coalescence of the somites in pairs, each apparent segment 
being in reality composed of two amalgamated somites. This 
is shown, not only by the bigeminal limbs, 
but also by the arrangement of the stigmata, 
which in the normal forms occur on every 
alternate ring only, whereas in these aberrant 
forms they are found upon every ring. 

The head always bears a pair of jointed an- 
tennae, resembling those of many Insects, and 
behind the antennae there is generally a vari- 
able number of simple sessile eyes. In one 
species {Scutigera) compound faceted eyes are 
present; and in Pauropus the antennae are 
bifid, and carry many-jointed appendages, thus 
differing wholly from the antennae of Insects, 
and presenting a decided approximation to 
those of the Crustacea. 

The young in some cases, on escaping from 
the egg, possess nearly all the characters of the 
parents, except that the number of somites, 
and consequently of limbs, is always less, and 
increases at every change of skin (‘‘moult** or 
“ ecdysis ’*). In most cases, however, there is 
a species of metamorphosis, the embryo being 
at first either devoid of locomotive append- 
ages, or possessed of no more than three pairs 
of legs, thus resembling the true hexapod In- 
sects. It is believed, however, that the legs of _c i 

these hexapod larvje do not correspond homo- 
logically with the three pairs of legs proper to 
adult Insects. In these cases the number of legs proper to 
the adult is not obtained until after several moults, the entire 
process being stated to occupy in some species as much as two 
years, before maturity is reached. 

The Myriapoda are divided into three orders — viz., the Chi- 
lopoda, the Chilognatha^ and the Pauropoda, to which a fourth, 
under the name of Onychophora^ must be provisionally added 
for the reception of the genus Peripatus, 

Order I. Chilopoda. — This order comprises the well- 
known carnivorous Centipedes and their allies, and is charac- 
terised by the number of legs being rarely indefinitely great 
(usually from 15 to 20 pairs^ by the composition of the an- 
tennae out of not less than 14 joints (14 to 40 or more), and 
by the structure of the masticating organs. These consist of 
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a pair of mandibles with small palpi, a labium, and two pairs 
of “ maxillipedes or foot-jaws, of which the second is hooked, 
and is perforated for the discharge of a poisonous fluid. There 
is not more than one pair of legs to each somite, and the last 
two limbs are often directed backwards in the axis of the body, 
so as to form a kind of tail The body in all the Chilopoda is 
flattened, and the generative organs open at the posterior end 
of the body. 

Scolopeiidra (fig. 170), Lithobius (fig. 169), and Geophilus are 
common European genera of this order. The ordinary Cen- 
tipedes of this country are (unless in exceptional cases) per- 
fectly harmless \ but those of tropical regions sometimes attain 
a length of a foot, or more, and these are capable of inflicting 
very severe, and even dangerous, bites. 

Order II. Chilognatha. — This order comprises the vege- 
table-eating Millepedes {lu/idcB)^ the Galleyworms {Poiydesmus)^ 
and other allied forms. The order is characterised by the 
great number of legs — each segment, except the five or six 



Fig. 171. — Millepede { lulus ). 


anterior ones, bearing two pairs — by the composition of the 
antennae out of six or seven joints ; and by the structure of the 
masticating organs, which consist of a pair of mandibles with- 
out palps, covered by a lower lip, composed of the confluent 
maxillae. The generative apertures arc placed in the anterior 
portion of the body. 

In the common Millepede {lulus) the body is composed of 
from forty to fifty segments, each of which bears two jmirs of 
minute, thread-like legs. The Juli of this country are of small 
size, but an American species attains a length of more than 
half a foot. The Glomerid^y or “ Pill-Millepedes,” live under 
stones, and have the power of rolling themselves up into a ball. 

Order III. Paukoroda. — In this order is only an extra- 
ordinary little Myriapod^ described by Sir John Lubbock 
under the name of Pauropus (fig. 172). The body is only one- 
twentieth of an inch in length, and consists of ten somites, 
furnished with scattered setae. There are only nine pairs of 
legs, of which one pair is carried by the 3d segment, whilst the 
4th, 5th, 6th, and 7th segments carry each two pairs of legs, 
and may therefore be regarded as really double. The head is 
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composed of two segments, and is not provided with jaw-feet. 
The antennae are five-jointed, bifid, with three long multi- 
articulate appendages. The body is white and colourless, and 
there are no tracheae, so that res- 
piration must be effected entirely 
by the skin. Pauropus is found 
amongst decaying leaves in damp ^ 

situations, and species have been 
described both from Britain and 
America. It is separated from the ^ xJMi 

Chilopoda by its small number of 

legs, the absence of foot-jaws, and '' 31^3^ 

the composition of the antennae 
out of no more than five joints. 

Order IV. Onychophora ■ Mi ’ . 

(Orube). — In the West Indies, 

South Africa, South America, and 

New Zealand occur examples of a ' 'JpM 

peculiar genus of animals, which 

has been named Pcripatus, and has u 

been at different times referred to /1) lloil \ 

the P>rant Annelides, the Leeches, / II \ 

the I'apeworms, or the Myriapoda, V y 

'Phe species of Peripatus are terres- / \ 

trial in their habits, living in moist 

earth, in decayed wood, or under f ig ^iew- 

stones, active by niaht only, and ed Irom above and enlarged fifty 
I , , 11 • r 'T'l dianutcrs. (After Sir John Lub- 

completely worm-like in form. I he bock.) 
cylindrical body (fig. 173) is annu- 

lated, and provided with numerous pairs of ambulatory feet, 
which are jointed, and terminated by one or two hooked claws 
(fig. 173, C and D), sometimes with a bunch of setae. The 
animal walks like a caterpillar, by means of its feet, and rolls' 
up like a Millepede when alarmed. The mouth is furnished 
with one or two pairs of horny hooked jaws. The respiratory 
organs, as recently shown by Moseley, are in the form of trachde, 
which open externally by numerous diffused apertures, and 
rarely branch. PTom the researches of Moseley, the sexes 
would appear to be distinct, though the animal is stated to 
be hermaphrodite by Grube and Hutton. The ventral nerve- 
cords are widely divergent. 

The systematic position of Peripatus must in the meanwhile 
be regarded as doubtful, the animal presenting a type of struc- 
ture intermediate between the P>rant Annelides and the 
Myriapoda, The presence of trachete, however, renders it 
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impossible to place Feripatus amongst the Annelida^ and the 
affinities of the genus appear to be closer with the Myria- 
pods than with any other group ; though the wide separation 



173 - — A, Peripaim Edwardsii^ magnified two diameters. B, Head, viewed from 
below, enlarged five times. C and D, A single foot, viewed from above and sideways, 
enlarged. (After Grube.) 

of the ventral nerve-cords, along with other points, removes 
Feripatus to a considerable distance from the normal forms 
of the Myriapoda. If Feripatus should ultimately be retained 
in the Myriapoda^ it would be as well, for the sake of 
uniformity, to change Grube's name of Onychophora to that of 
Onychopoda. 

Distribution of Myriapoda in Time. — About twenty 
species of Myriapoda are known as fossils, the oldest examples 
of the order having been found in the Carboniferous epoch. 
From rocks of this age several species of Chilognathous Myria- 
pods have been discovered. The best-known forms belong to 
the genera Xylobius apd Archiulus^ and have been placed in a 
special family under the name of Architdidee. The occurrence 
of air-breathing articulate animals (both Arachnida and Myria- 
poda) in the Carboniferous period is noticeable, as being con- 
temporaneous with the earliest-known terrestrial Molluscs. 
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CHAPTER XXXVIII. 
INSECTA. 


GENERAL CHARACTERS OF THE INSECTA. 

Class IV. Insecta. — The Insecta are defined as articulate 
animals in ivhich the head^ thorax^ and abdomen are distinct ; 
there are three pairs of k(^s borne on the thorax ; the abdomen 
is destitute of legs ; a single pair of antennee is present ; mostly^ 
there are hiw pairs of 
loings on the thorax. 

Respiration is effected 
by trachece. 

In the Insecta the 
l)ody is divided into 
a variable number 
of definite segments, 
or somites, some of 
which are furnished 
with jointed append- 
ages, and the nervous 
and circulatory sys- 
tems are constructed 
upon essentially the 
same plan as in the 
Crustacea^ Arachni- 
da^ and Myriapoda. 

The head, thorax, and 
abdomen are distinct 
(figs. 174, 175), and 
the total number of 
somites in the body 
neverexceeds twenty. 

(.Jl tliese, rive cer- a Head carrying the eyes (p) and antennae (rt«) ; b First 

tninlv niirl civ segment of the thorax, with the first pair of legs; c 

. '' prOD- Second segment of the thorax, with the second pair of 

ably (according to legs and the first pair of wings ; Third segment of the 

' thorax, with the third pairof legs and the second pair of 
some authorities, four wings; e Abdomen, without limbs, but carrying ter- 
Onlv)» ** constitute the *ninal appendages concerned in reproduction ; / Femur ; 

1. j u* u / Tibia ; Tarsus. 

head, which possesses 

a pair of antennae, a pair of mandibles, and two pairs of max- 
illae, the hinder pair of which are coalescent, and form the 
Mabium.’ Three, or perhaps, in some cases, more, somites 
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unite and become specially modified to form the thorax, to 

which the three pairs of locomotive limbs, characteristic of per- 

fect Insects, are attached. Two additional pairs of locomotive 



Fig. 175, ~A, One of the Dragon-flies {^skua graudis), slightly ciissecled : h Head, 
carrying the eyes, antennae, and organs of the mouth ; / t' f" First, second, and third 
segments of the thorax slightly separated from one another, each carrying a pair of 
legs, and the two last carrying each a pair of wings ; a Tail or abdomen. B, Young 
form, or “larva,” of the same. C, Second stage, or “ pupa.” D, Head of a Dragon- 
fly de/fressa), showing the feelers or antennae (nn), the eyes e), the hinder 

pair of jaws (w), and the upper lip {/). 


organs, the wings, are developed, in most insects, from the 
tergal walls of the second and third thoracic somites. No 
locomotive limbs are ever developed from the abdomen of the 
adult insect ; but the ventral portions of the abdominal somites, 
from the eighth backwards, are often metamorphosed into ap- 
paratuses ancillary to the generative function ” (Huxley). 

The integument of the Insecta, in the mature condition, is 
more or less hardened by the deposition of chitine, and usu- 
ally forms a resisting exoskeleton, to which the muscles are at- 
tached. The segments of the head are amalgamated into a 
single piece, which bears a pair of jointed feelers or antennae. 
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a pair of eyes, usually compound, and the appendages of the 
mouth. The segments of the thorax are also amalgamated 
into a single piece; but this, nevertheless, admits of separa- 
tion into its constituent three somites (figs. 174, 175). These 
are termed respectively, from before backwards, the “ protho- 
rax,” mesothorax,” and metathorax,” and each bears a pair 
of jointed legs. In the great majority of Insects, the dorsal 
arches of the mesothorax and metathorax give origin each to a 
pair of wings. 

Each leg consists of from six to nine joints (see fig. 178). 
The first of these, which is attached to the sternal surface of 
the thorax, is called the “ coxa,” and is succeeded by a short 
joint, termed the “ trochanter.” The trochanter is followed 
by a joint, often of large size, called the “femur,” succeeded 
by the so-called “tibia,” and this has articulated to it the 
“ tarsus,” which may be composed of from one to five joints. 

The wings of Insects are expansions of the sides of the 
meso- and meta-thorax, these expansions being supported by 
slender but firm tubes, known as the “ nervures.” Each nerv- 
ure consists of a central trachea or air-tube, running in the 
centre of a larger blood-tube ; so that the wings not only act 
as organs of flight, but at the same time assist in the process 
of respiration. Normally, two pairs of wings are present, but 
one or other may be wanting. In the Coleoptera (Beetles) the 
anterior pair of wings become hardened by the deposition 
of chitine, so as to form two protective cases for the hinder 
membranous wings. In this condition the anterior wings are 
known as the “elytra,” or “wing-cases.” In some of the 
Hemiptera this change only affects the inner portions of the 
anterior wings, the apices of which remain membranous, and 
to these the term “ hemelytra ” is applied. In the Diptera the 
posterior pair of wings are rudimentary, and are converted 
into two capitate filaments, called “halteres” or “balancers.” 
In the Strepsiptera the anterior pair of wings are rudimentary, 
and are converted into twisted filaments. 

The typical number of somites in the abdomen of the In- 
secta is eleven, and this number can often be recognised in the 
Neiiroptera and in some other forms. In the Hymcnopicra 
and Lepidoptera not more than ten can be recognised, and in 
other cases even fewer can be made out. The abdominal 
somites are usually more or less freely movable upon one an- 
other, and never carry locomotive limbs. The extremity of 
the abdomen is, however, not infrequently furnished with ap- 
pendages, which are connected with the generative function, 
and not infrequently serve as offensive and defensive weapons. 
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Of this nature are the ovipositors of Ichneumons and other 
insects, and the sting of Bees and Wasps. In the Earwig 
i^Forfiaila) these caudal appendages form a pair of forceps; 
whilst in many Insects they are in the form of bristles, by 
which powerful leaps can be effected, as is seen in the Spring- 
tails {Podurce), In some insects (as the Mole- cricket and 
Cockroach), the ninth or tenth abdominal segment carries 
jointed antenniform appendages, which, though perhaps par- 
tially or even primarily generative in function, are certainly 
organs of sense, being connected with smell or hearing. 

The organs about the mouth in Insects are collectively 
termed the “trophi,” or instrumenta cibaria.” Two principal 
types require consideration — namely, the masticatory and the 
suctorial — both types being sometimes modified, and occasion- 
ally combined. 

In the Masticatory Insects, such as the Beetles (fig. 176, A), 
the trophi consist of the following parts, from before back- 



Fig. 176. — Organs of the mouth of Insects, enlarged ; (A) of a Beetle {jCarnhus)\ (B) of 
the small Cabbage White Butterfly {Pontia rafia) ; (C) of the Bed-bue {Citnex iectu- 
larius^y the mandibles and maxillae being displaced to one side. I Labrum ; m Man* 
dible ; mx Maxilla ; mp Maxillary palpus ; la Labium ; ip labial palpus ; an Base 
of one of the antennae. (Fig. B is slightly altered from Westwood.) 


ward : i. An upper lip, or “ labrum,” attached below the 
front of the head; A pair of biting-jaws, or ‘‘mandibles;” 
3. A pair of chewing-jaws, or “ maxillse,” provided with one 
or more pairs of “maxillary palps,” or sensory and tactile 
filaments ; 4. A lower lip, or “ labium,” composed of a second 
coalescent pair of maxillae, and also bearing a pair of palpi, 
the “ labial palps.” The primitive form of the labium — that, 
namely, of a second pair of maxillae— is more or less per- 
fectly retained by the Orthoptera and some of the Niuroptera. 
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The lower or basal portion of the labium is called the ** men- 
tum,” or chin, whilst the upper portion is more flexible, and is 
termed the “ ligula.” The central portion of the ligula is often 
developed into a. kind of tongue, which is very distinct in some 
Insects (as in Bees), and is termed the lingua.’' 

In the typical suctorial mouth, as seen in the Butterflies 
(fig. 176, B) the following is the arrangement of parts: The 
labrum and the mandibles are now quite rudimentary ; the 
first pair of maxillae is greatly elongated, each maxilla forming 
a half-tube. These maxillae adhere together by their inner 
surfaces, and thus form a spiral “ trunk," or “ antlia " (inap- 
propriately called the “proboscis”), by which the juices of 
flowers are sucked up. Each maxilla, besides the half-tube 
on one side, contains also a tube in its interior ; consequently 
on a transverse section the trunk is found really to consist of 
three canals, one in the interior of each maxilla, and the 
third formed between them by their apposition. To the base 
of the trunk are attached the maxillary palpi, which are ex- 
tremely small. Behind the trunk is a small labium, composed 
of the united second pair of maxilloe. The “ labial palpi ” are 
greatly developed, and form two hairy cushions, between 
which the trunk is coiled up when not in use. 

In the Bee there exists an intermediate condition of parts, 
the mouth being fitted partly for biting, and partly for suction. 
The labrum and mandibles are well developed, and retain 
their usual form. The maxillae and the labium are greatly 
elongated ; the former being apposed to the lengthened tongue 
in such a manner as to form a tubular trunk, which cannot be 
rolled up, as in the Butterflies, but is capable of efficient suc- 
tion. The labial palpi are also greatly elongated. 

In the Hemiptera^ the “ trophi" consist of four lancet-shaped 
needles, which are the modified mandibles and maxillee, en- 
closed in a tubular sheath formed by the elongated labium 
(fig. 176, C). Lastly, in the Diptera — as in the common 
House-fly — there is an elongated labium, which is channelled 
on its upper surface for the reception of the mandibles and 
maxillae, these being modified into bristles or lancets. 

The mouth in the Masticating Insects leads by a pharynx 
and (esophagus into a membranous, usually folded, stomach — 
the ‘‘crop,” or “ingluvies” — from which the food is trans- 
mitted to a second muscular stomach, called the “gizzard” 
(fig. 177)* ^^he gizzard, or proventriculus, is adapted for 
crushing the food, often having plates or teeth of chitine de- 
veloped in its walls, and is succeeded by the true digestive 
cavity, called the “chylific stomach” {ventricuius chylopoieticus). 

Y 
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From this an intestine of variable length proceeds, its terminal 
portion, or rectum, opening into a dilatation which is common 
to the ducts of the generative organs, and is termed the 

“cloaca.” The cesophagus is 
furnished with salivary glands 
of varying size and complexity, 
which open into the cavity of 
the mouth. Besides the pro- 
per salivary glands, the larvoe 
of Insects very usually possess 
a pair of silk -glands, which 
discharge their secretion by a 
single duct, furnished with a 
spinneret, and developed upon 
the labium. Rarely (as in 
Myrmeleo\ there are silk-glands 
opening in the abdominal re- 
gion. Those silk-glands which 
open into the mouth are to be 
regarded as modified salivary 
glands, and they are almost in- 
variably confined to the larvoe. 
No true liver is present, but 
the stomach is lined by secret- 
ing cells, which appear to exer- 
cise an hepatic function. Be- 
hind the pyloric aperture of the 

i77-~T>igestive system of a Beetle stOmach, with Very feW eXCep- 
yCaraoHS auratus). a ( hsophagus \ o , ^ r 

Crop ; c Gizzard ; d Chylific stomach ; e tlOnS, IS a Variable number of 

convoluted tubes (fig. 

177, <?), which open into the 
intestine, and are called the “Malpighian tubes.” These vessels 
are now generally regarded as discharging a renal function, 
and as corresponding with the kidneys of the higher animals. 
There are no absorbent vessels, and the products of digestion 
simply transude through the walls of the alimentary canal into 
the sinuses or irregular cavities which exist between the abdo- 
minal organs. The apparatus of digestion does not differ 
essentially from the above in any of the Insects ; but the ali- 
mentary canal is, generally speaking, considerably lengthened 
in the herbivorous species. 

There is no regular and definite course of the circulation in 
the Insects. The propulsive organ of the circulation is a long 
contractile cavity, situated in the back and termed the “dorsal 
vessel” (fig. 178, h). This is composed of a number of sacs 
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(ordinarily eight), opening into one another by valvular aper- 
tures, which allow of a current in one direction only — viz., to- 
wards the head. The blood is collected from the irregular 



Fig. 178.— Ideal transver.'.e section of an Insect, h Dorsal vessel; i Intestine; n Ven- 
tral Nerve-cord ; 1 1 Stigmata, leading into the branched tracheal tubes ; ww Wings; 

a Coxa of one leg ; b Trochanter ; c Femur ; d Tibia ; e Tarsus. (After Packard.) 

venous sinuses which are formed by the lacunae and interstices 
between the tissues, and enters the dorsal vessel from behind, 
and by lateral valvular openings ; it is then driven forwards, 
and is expelled at the anterior extremity of the body. The 
blood of the Insecia is corpusculated, and usually colourless. 
Whilst the general belief is that there is no regular system of 
blood-vessels (arteries and veins), and that the blood simply 
circulates through the interstices of the tissues, some observers 
affirm the partial existence of true vessels, and others maintain 
that the blood circulates in the spaces between the tracheae 
and their enveloping sheaths, which thus become converted 
into blood-vessels. 

Respiration is effected by means of “ trachese,” or branched 
tubes, which commence at the surface of the body by lateral 
apertures, called “ stigmata,” or “ spiracles,” and ramify through 
every part of the animal. In structure the trachese are mem- 
branous, but their walls are strengthened by a chitinous fila- 
ment, which is rolled up into a continuous spiral coil. In the 
aquatic larvje of many insects, and in one or two adult Insects 
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(in Pteronarcys^ one of the Orthoptera^ and in one of the Phas- 
midce, of the same order) branches of the tracheae are sent to 
variously-shaped outgrowths which are termed “ tracheal gills,” 
and in which the blood is oxygenated. In all, however, with 
the exceptions above mentioned, these temporary internal or 
external appendages fall off when maturity is attained. The 
wings, also, whilst acting as locomotive organs, doubtless subr 
serve respiration, the nervures being hollow tubes filled with 
blood and enclosing tracheae. 


Entomologists have generally recognised the following kinds of breath- 
ing-organs in Insects : — 

1. The true tracheie, in the form of branched tubes, the walls of which 
are strengthened by a chitinoiis fibre. 

2. Tracheal vesicles, or dilated receptacles directly connected with the 
proper tracheae, but having membranous walls not supported by a horny 
spiral fibre. 

3. The modified tracheae of some adult Hemiptera and various aquatic 
larvae, in which the lips of the stigmata are prolonged into shorter or longer 
external tubes, by which the air is conveyed to the interior. 

4. The tracheal gills properly so called, these usually being leaf- like 
plates attached to the sides of the abdomen, or tuft-like processes developed 
from the mucous membrane of the rectum. 


The nervous system in Insects, though often concentrated 
into special masses, consists essentially of a chain of ganglia, 
placed ventrally, and united together by a series of double 
cords or commissures. The cephalic or “ prae-oesophageal ” 
ganglia are of large size, and distribute filaments to the eyes 
and antennae. The post-oesophageal ganglia are united to the 
preceding by cords which form a collar round the gullet, and 
they supply the nerves to the mouth, whilst the next three 
ganglia furnish the nerves to the legs and wings. In larvje, 
thirteen pairs of ganglia may often be recognised. In the 
adults, however, of the higher group)S of Insects (such as the 
Coleoptera^ Hymetwpiera, Diptera^ and Lepidoptera\ the thoracic 
ganglia coalesce into a single mass. 

The organs of sense are the eyes and antennse. The eyes 
in Insects are usually ‘‘compound,” and are composed of a 
number of hexagonal lenses, united together, and each sup- 
plied with a separate nervous filament. Besides these, simple 
eyes — “ ocelli,” or “ stemmata,” — are often present, or, in rare 
cases, may be the sole organs of vision. In structure these 
resemble the single elements of the compound eyes. In a few 
cases the eyes are placed at the extremities of stalks or pedun- 
cles, but in no case are these peduncles movably articulated 
to the head, as is the case in the Podophthalmous Crustaceans. 
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The antennse are movable, jointed filaments, attached usually 
close to the eyes, and varying much in shape in different 
Insects. They doubtless discharge the functions of tactile 
organs, but are probably the organ of other more recondite 
senses in addition. 

The sexes in Insects are in different individuals, and most 
are oviparous. The ovum undergoes partial segmentation ; 
and the embryo has its future ventral surface turned outwards, 
and its dorsal surface inwards. Generally speaking, the young 
insect is very different in external characters from the adult, 
and it requires to pass through a series of changes, which con- 
stitute the “metamorphosis,** before attaining maturity. In 
some Insects, however, there appears to be no metamorphosis, 
and in some the changes which take place are not so striking 
or so complete as in others. By the absence of metamor- 
phosis, or by the degree of its completeness when present, 
insects are divided into sections, called respectively Ameta- 
hola, Hemwietabola^ anil Holometabola ^ which, though not, per- 
haps, of a very high scientific value, are nevertheless very con- 
venient in practice,o<»/<y . 

SecitoJt 1. A pietabolic Insects , — These pass through no meta- 
morphosis, an 3 also, in the mature condition, are destitute of 
wings. The young of these insects [Aptera) on escaping from 
the ovum resemble their parents in all respects except in size ; 
and though they may change their skins frequently, they under- 
go no alteration before reaching the perfect condition, except 
that they grow larger. 

Section 2. Hcmimetabolic Insects, — In the insects belonging 
to this section there is a metamorphosis consisting of three 
stages. The young on escaping from the ovum is termed the 
“larva;** Avhen it reaches its second stage it is called the 
“ pupa,** or “ nymph ; ** and in its third stage, as a perfect 
insect, it is called the “imago.*^ In the Hemimetabola^ the 
“ larva,** though of course much smaller than the adult, or 
“ imago,” differs from it in little else except in the absence of 
wings. It is active and locomotive, and is generally very like 
the adult in external appearance. The “pupa,” again, is a 
little larger than the larva, but really differs from it in nothing 
else than in the fact that the rudiments of wings have now 
appeared, in the form of lobes enclosed in cases. The “ pupa ” 
is still active and locomotive, and the term “ nymph *' is usually 
applied to it. The pupa is converted into the perfect insect, 
or “ imago,” by the liberation of the wings, no other change 
being requisite for this purpose. From the comparatively small 
amount of difference between these three stages, and from the 
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active condition of the pi^pa, this kind of metamorphosis is said 
to be '‘mcojmplj^e.”(f7,fl . 

In some members of this*^ section, however — such as the 
Dragon-flies — the larva and pupa are aquatic, whereas the 
imago leads an aerial life. In these cases (fig. 175) there is 
necessarily a considerable difference between the larva and the 
adult ; but the larva and pupa are closely alike, and the latter 
is active. U 

Section 3. Hol ometabolic Insects. — These — comprising the 
Butterflies, Moths, Beetles, &c. — pass through three stages 
which differ greatly from one another in appearance, the meta- 
morphosis, therefore, being said to be “ complete.” In these 
insects (fig. 179) the ‘Marva” is vermiform, segmented, and 

usually provided with loco- 
motive feet, which do not 
correspond with those of the 
adult, though these latter are 
usually present as well (fig. 
179). In some cases the 
larva is destitute of legs, or 
is “apodal.” The larva is 
also provided with masticat- 
ory organs, and usually eats 
voraciously. In this stage of 
the metamorphosis the larvae 
constitute what are usually 
called “ caterpillars ” and 
“ grubs.” Having remained 
in this condition for a longer 
or shorter length of time, and 
having undergone repeated 
changes of skir.j or “ moults,” 
necessitated by its rapid 
growth, the larva passes into 
the second stage, and be- 
comes a “pupa.” The insect 
is now perfectly quiescent, 
unless touched or otherwise irritated j is incapable of changing 
its place ; and is often attached to some foreign object. This 
constitutes what — in the case of the Lepidoptera — is generally 
known as the “chrysalis,” or “aurelia” (fig. 179). The body 
of the pupa is usually covered by a chitinous pellicle, which 
closely invests the animal. In some cases (^.^., in many Dip- 
terous insects) no traces of the future insect can be detected 
in the pupa by external inspection ; but in the Lepidoptera the 
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thorax and abdomen are distinctly recognisable in the pupse ; 
whilst in others (e.g,, Hymenopterd) the parts of the pupa are 
merely covered by a membrane, and are quite distinct In 
some cases the pupa is further protected within the dried skin 
of the larva ; and in other cases the larva — immediately before 
entering upon the pupa-stage — spins, by means of special 
organs for the purpose, a protective case, which surrounds the 
chrysalis, and is termed the “ cocoon/* 

Having remained for a variable time in the quiescent pupa- 
stage, and having undergone the necessary development, the 
insect now frees itself from the envelope which obscured it, 
and appears as the perfect adult, or “ imago,** characterised by 
the possession of wings. 

Sexes of Insects. — The great majority of Insects, as is the 
case with most of the higher animals, consist of male and 
female individuals ; but there occur some striking exceptions 
to this rule, as seen in the Social Insects. In those organised 
communities which are formed by Bees, Ants, and Termites, 
by far the greater number of the individuals which compose 
the colony are either undeveloped females, or are of no fully 
developed sex. This is the case with the workers amongst 
Bees, and the workers and soldiers amongst Ants and Ter- 
mites. And, these sterile individuals, or “ neuters,** as they are 
commonly called, are not necessarily all alike in structure and 
external appearance. Amongst the Bees, all the neuters re- 
semble one another; but amongst Ants and Termites they are 
often divided into ‘‘ castes,** which have different functions to 
perform in the general polity, and differ from one another 
greatly in their character. 

The organs of the two sexes are in no case united in the 
same individual, or, in other words, there are no hermaphrodite 
insects. (In some abnormal cases amongst Bees, Lepidepta'a^ 
&c., hermaphrodite individuals have been observed.) As 
has been noticed, however, before, asexual reproduction is 
by no means urknown amongst the Insecta^ and the attendant 
phenomena are Dften of extreme interest. (See Introduction.) 

Distribution in Space. — The great majority of Insects, dur- 
ing their adult condition, are terrestrial or aerial in their habits, 
but in many cases, even of these, the larvae are aquatic. Many 
other insects live habitually during all stages of their existence 
in fresh water. ' A few insects inhabit salt water (either the sea 
itself or inland salt waters) during the whole or a portion of 
their existence. (This is the case with two or three Beetles of 
the families Hydrophilidce and Dytiscidee^ some Hemipterous 
Insects, and tie larvae of various Diptera.) Lastly, many in- 
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sects live parasitically upon the bodies of Birds or Mammals, 
or upon other Insects. 

Distribution of Insects in Time. — The most ancient 
remains of Insects at present known to us are from the De- 
vonian rocks o£^ North America. Here occur several forms 
apparently belonging to the Neuroptera (or Pseudo-neuropiera), 
In the Carboniferous rocks the remains of Insects are more 
abundant, and we find examples of several orders (such as the 
Coleoptera, Orthoptera, and Neuroptej^a). The orders Hymen- 
optera and Lepidoptera are not certainly known to occur till the 
Secondary period is reached; and in the Tertiary rocks we 
find representatives of almost all the existing orders. Arnber, 
which is a fossil^resin^ has long been known to contain many 
inseSfsTnTfs Interior (in certain specimens) ; and all of these 
appear to belong to extinct species, though amber, geologically 
speaking, is not an ancient product. 


CHAPTER XXXIX. 

DIVISIONS OF INS EOT A, 

The class Insecta includes such an enormous number of 
species, genera, and families, that it would be impossible to 
treat of these satisfactorily otherwise than in a, treatise espe- 
cially devoted to entomology. Here it will be sufficient to give 
simply the differential characters of the different orders, draw- 
ing attention occasionally to any of the more important points 
in connection with any given family. 

As already said, the Insecta are divided into three divisions, 
termed Ametadola, Hemimetabola, and Holomelalwla^ according 
as they attain the adult condition without passing through a 
metamorphosis, or. have an incomplete or complete metamor- 
phosis. The Insects which come under the first head (viz., 
Ametabold) are not furnished with wings in the adult condition, 
and the four orders which compose this sectioil are commonly 
grouped together under the name Aptera. By'some, however, 
this division is entirely rejected, and the orders in question 
are placed amongst the Hemimetabola^ or even grouped with 
the Myriapoda, Indeed, it is certain that the orders of the 
so-called Apterous Insects are not, strictly spesking, scientific 
divisions. It is, however, a matter of convenience to retain 
them in a separate form, as it is by no means absolutely 
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certain how they may most naturally be distributed amongst 
the higher orders. 

Sub-class I. Ametabola. — Young not passing through a 
metamorphosis y and differing from the adult in size only. Imago 
destitute of wings ; eyes simple^ sometimes wanting. 

Order I. Anoplura. — Minute Aptera^ in which the mouth 
is formed for suction ; and there are two simple eyes. 

This order comprises insects which are commonly parasitic 
upon man and other animals, and are known as Lice {Pedi- 
cull). The common Louse (fig. i8o, a) is furnished with a 



Fig. 1 8o —Morphology of Aptera. A, Pediculus humanus capitis; B, Docopkorus 
iiamatus, one of the Bird-licc ; C, Campodea ; D, Degceria^ one of the Foduridcr ; 
E, Scale of a Podurid, as seen under the microscope : F, Dcgeeria purpurasceus. 
All the figures are greatly enlarged. (After Packard and Gervais.) 


simple eye, or ocellus, on each side of a distinctly differen- 
tiated head, the under surface of which bears a suctorial 
mouth. There is little distinction between tlie thorax and 
abdomen, but. the segments of the former carry three pairs 
of legs. The legs are short, with short claws or with two 
opposing hooks, affording a very firm hold. The body is 
flattened and nearly transparent, distinctly segmented, and 
showing the stigmata very plainly. The young pass through 
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no metamorphosis, and their multiplication is extremely rapid. 
Many Mammals are infested by Lice, the same animal often 
being subject to the attacks of more than one species of Louse. 
Three species commonly attack man — viz., Pediculus humanus 
corporis^ P, capitis^ and P, pubis ; and a fourth species {P, 
tabescentiuin) is of rare occurrence, and gives rise to the loath- 
some disease known as Phthiriasis. 

The Lice are now very commonly associated with the 
HemM e r an of which they are regarded as constituting a 
de^raoed and aberrant group. 

Order II. Mallqphaga. — Minute Aptera, in which the 
7 nouth is formed for biting^ and is furnished with mandibles 
and maxilla. 

The members of this order (fig. i8o, B) are commonly known 
as ‘‘ Bird-lice,” being parasitic, sometimes upon Mammals, but 
mostly upon Birds. They strongly resemble the Pediculi, but 
the mouth is formed for biting, to suit their mode of life — 
since they do not live upon the juices of their hosts, but upon 
the more delicate tegumentary appendages. They are some- 
times regarded as constituting a degraded group of the 
Hemiptera, 

Order III. Collembola. — Minute Aptera, with a semi- 
masticatory or suctorial mouth ; the first abdominal segment fur- 
7 tished with a ventral tube or suctorial organ; the last abdominal 
segment but one loith appendages for leaping. 

This order has been established by Sir John Lubbock for 
the reception of a number of Insects generally known as 
“ Spring;tails.” Their scientific name is in allusion to the 
fact that they attach themselves to foreign bodies by a ventral 
suctorial tube, which contains a viscous fluid; whilst their 
popular name refers to their possessing saltatory appendages 
attached to the last abdominal segment but one. These ap- 
pendages (fig. i8o, D and F) consist of a long forked process 
which is generally bent along the under surface of the body, 
and kept there by a small catch. When released, the sudden 
extension of the elastic process throws the insect into the air. 
The body is covered either with hairs or scales, and the latter 
exhibit under the microscope very elaborate and beautiful 
markings (fig. 163, E). They are generally to be found in 
moist dark places in gardens, or on the surface of pools, 
and the commonest genera are Podura^ Smynthurus^ and 
Degeeria, 

Order IV. Thysanura. — Minute Aptera, with a mastica- 
tory mouth ; the end of the abdomen furnished with long bristle- 
like terminal appendages^ used in locomotion. 
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The Insects of this order are closely related to those of the 
preceding, but the long anal bristles do not form a “ spring ; 
and the mouth is distinctly masticatory. The two principal 
genera are Lepisma and Catnpodca (fig. i8o, C), both of which 
live generally under stones or in dark situations. The body 
is hairy, or clothed with metallic scales ; these latter organs 
being in Lepisma so delicately marked that they are com- 
monly used as test-objects for the microscope. 

According to Packard, the Thysanura and CoUemhola are 
to be regarded as degraded groups of Neuropfera, the former 
having also affinities with the Myriapoda. According to Sir 
John Lubbock, Campodea may be regarded as a modern re- 
presentative of an ancient type-form, from which the higher 
Insects originally took their rise. 

Sub-class II. Hkmimetabola. — Metamorphosis incomplete ; 
the larva differing from the hnago chiefly in the absence of wings ^ 
and in size ; pupa usually activey ory if quiescent y capable of move- 
ment,^ 

Order V. Hemiptera {Rhynchota). — Mouth suctorial^ beak- 
shaped, consisting of a jointed rostrum, composed of the elongated 
labium, 7ohich forms a jointed, tubular sheath for the bristle- 
shaped, styliform mandibles and maxillte. Eyes compound, 
usually with ocelli as well Two pairs of unngs in most ; some- 
times wanting. Pupa generally active. 

The Hemiptera live upon the juices of plants or animals, 



Fig, 1 8 i.— Hemiptera. Bean Aphis {,Aphis winged male and wingless female. 


which they are enabled to obtain by means of the suctorial 
rostrum. 

* The Coccidcc, amongst the Hetniptcra, undergo a complete metainor- 
])hosi.s. In certain of the Hemiptera and Orthoptera the adult is apterous, 
and in these cases there cannot be said to be any metamorphosis, since 
the larvje differ from the adult only in size, in having fewer joints to the 
antennoe, and in having a smaller number of facets in each of the compound 
eyes. 
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The order is divided into the following three sub-orders : — 
Sub-order a. Homoptera, — The anterior pair of wings of the 
same texture throughout (membranous) ; the mouth 
turned backwards, so that the beak springs from the 
back of the head. The wings fold over one another 

when the insect is at rest. There are ocelli between the 
compound eyes, and the antennre are small and composed 
of few joints. The females often have an ovipositor of 
three toothed blades. In this section are the Aphides, 
the Scale Insects {Coccidce\ the Cicadas, the Lantern- 
flies (Fidgora)^ &c. 

As typical examples of the Ilomopfcra may be taken the 
Cicadas (fig. 182, D), the males of w’hich are well known for 



Fig. 182.— A, Thrips, enlarged; B, Nepa cineren, enlarged ; C, Cicada An^^lica, the 
wings on the right side of the body being omitted ; I), Larva of the same ; E, Pupa 
of the same. (Figs, C, IJ, and E arc after Westwood.) 


their power of emitting a musical note or chirp. The Plant- 
lice or Ap/iides (fig. 181) live upon the juices of jfiants, an 
enormous number of species being known. They may possess 
two pairs of membranous wings, or none, and they give birth 
to innumerable young in the summer months by a process 
of parthenogenesis. The singular Scale-insects {Coccidce) have 
the males winged, whilst the females are deformed, often 
scale-like, and devoid of wings. The dried female of the 
Cochineal Insect (Coccus cadi) constitutes the cochineal of 
commerce, and the Coccus lacca yields shell-lac. 

Sub-order b, Hderoptera. — Anterior wings membranous near 
their apices, but chitinous towards the base (hemelytra) ; 
the rostrum springing from the front of the head. The 
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inner margins of the wings are straight or contiguous. 
The antennae are moderate in size, and composed of a 
few large joints. They are divided into the two groups 
of the Hydrocorisce (Water-bugs) and Geocorisce (Land- 
bugs), according as they are aquatic or mainly terrestrial 
in their habits. 

Amongst well-known members of this group may be men- 
tioned the Forest-bugs and Field- 
bugs {Fentatoma, and its allies), the 
Bed-bug {Cwiex iectularius), the 
Boat-fly {Notonecta), the Water-scor- 
pions (Nepa^ fig. 182, B), and the 
Water-spiders (llydrofnetra). 

Sub - order c. Thysanopiera, — 
Mouth with mandibles and 
maxillae, furnished with palpi. 
The wings with few or no ner- 
vures, fringed. In this sub- 
order are only the little insects 
which form the genus Thrips 
(fig. 182, A), and some allied 
forms. They live upon plants, 
and differ from the typical 
Hemiptera both in the struc- 
ture of the wings, and in the 
fact that the beak-like rostrum 
really contains palpate mandi- 
bles and maxillae. 

Order VI. Orthoptera. — 
Mouth masticatory ; 'luings /our, 
sometimes wanting ; the anterior pair 
mostly smaller than the posterior, 

Fig. 183.— Orthoptera. The com- semi - coriaceous or leathery, usually 
mon Cockroach At- • , .1 • . ' 

Us), male and female. With iiumerous nervures, the inter- 

spaces between which are filled witli 
many transverse reticulations; sometimes overlapping hori- 
zontally (Cockroach), sometimes meeting like the roof of a 
house (Grasshoppers). Posterior wings usually having their 
front portion of a different texture from their hinder portion, this 
latter being almost always more transparent, and 7ohen not 
in use folded longituditially like a fan. Posterior wings often 
wanting in tlie females of the Blattidce, Antennje usually 
filiform. Metamorphosis semi - incomplete (sometimes, how- 
ever, the adult is apterous, when it becomes almost impossible 
to distinguish the larva, pupa, and imago). 
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This order includes a number of well-known insects, most 
of which are vegetable-feeders. Some of the Orthoptera^ such 
as the Cockroaches fig. 183) have slender legs, and 

are adapted for running {cursorial). Others are suited for 
walking, and are said to be gressorial. Amongst these are the 
Mantiiles, with their great raptorial front-legs, and the singular 
Walking Leaves and Stick-insects (the Phasviidce), Others, 
again, are sallaforial, having the hind -legs elongated and 
adapted for leaping. In this section are the Crickets and 
Mole-crickets {Gryllidce or Ac/ielidce), and the Orasshoppers 
and Locusts (Acrldiidce and Locustidce). The Saltatory Ortho- 
ptera are all vegetable - feeders, and whilst many of them 
commit serious depredations upon green crops and grass, the 



Fig 1 84 . — M igratory l.ocust {Jjidipoiiti / a tor in). 


ravages of the Migratory Locust {CEdipoda niigraioria, fig. 184) 
are in this respect unrivalled. Finally, there is a small section 
of the Orthoptera^ which includes the Earwigs {ForJicHlidte\ 
and which has been raised to the rank of a distinct order 
under the name of Euplexoptera, In this group, the last 
segment of the abdomen carries a pair of nippers, and the 
anterior wings are very short, the posterior wings are mem- 
branous, and are folded up both longitudinally and trans- 
versely, being useless for flight. 

Order VI I. Neuroptera {Odonata), — Mouth usually mas- 
ticatory ; wings, four in number, all 7 nembranous, generally 
nearly equal in size, traversed by numerous delicate nervures, hav- 
ing a longitudinal and transverse direction^ and giving them a 
reticulated, lace-like aspect. Metamorphosis generally incomplete, 
rarely complete. The larva active, hexapod, the pupa active or 
quiescent. 

The order Neuroptera includes a number of Insects which 
are so different in their characters, habits, and metamorphoses, 
that they are sometimes placed in three separate and special 
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groups. The first section includes what may be termed nor- 
mal Neuroptera^ such as the Ant-lions {Mynn€l€ontid(B\ the 
Aphis-lions {Hemerobiidce, fig. 185), the Scorpion-flies {Panor- 

pidce), and the Sialidce, Tlic 
second section includes the 
Dragon - flies (Z/b^/u/idcd), 
the May -flies 
the Stone-flies 

White Ants {Termitidie)^ and 
some less important families. 
These are often placed in 
the Orthoptera^ under the 
common name of Pseudo- 
neuroptera. Lastly, we have 
a section sometimes elevated 
to the rank of a distinct or- 
der under the name of Trich- 
optera^ for the reception of 
the singular Caddis - flies 
{Phrysanehhe). In this group 
the anterior wings are gener- 
ally hairy, the mandibles are rudimentary, the larva usually 
resides in a case formed of small foreign bodies, and the pupa 
is inactive during the greater part of its life. 

Amongst the more remarkable of the Neuroptera are the so-called 
“White Ants” or Termites, a brief description of which may be given 
here. The Termites are social insects, living in organised communities, 
and they are mostly inhabitants of hot countries. (It must be borne in 
mind that though often called “White Ants,” they stand in no relation to 
the true Ants.) Mr Bates has given us an excellent description of the 
habits of these singular insects, from which much of what follows has been 
taken. 

Termites are small, soft -bodied insects, which live in large communities, 
as do the true Ants. They differ, however, from the Ants in the fact that 
the workers are individuals of no fully-developed sex, whereas amongst the 
latter they are undeveloped females. Further, the neuters of the Tennites 
are always composed of two distinct classes or “ castes ” — the workers and 
the soldiers. Lastly, the Ants undergo a quiescent pupa-stage ; whereas 
the young Termites, on their emergence from the egg, do not differ from 
the adult in any respect except in size. 

Each species of Termites consists of several distinct orders or castes, 
which live together, and constitute populous, organised communities. 
They inhabit structures known as “ Tennitaria,” consisting of mounds 
or hillocks, some of which are “ five feet high, and are formed of par- 
ticles of earth worked into a material as hard as stone. ” The Termitarium 
has no external aperture for ingress or egress, as far as can be seen, the en- 
trance being placed at some distance, and connected with the central 
building by means of covered ways and galleries. Each Termitarium is 
composed of “a vast number of chambers and irregular intercommunicat- 


(Ephetneridee), 
(Perina;)] the 
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ing galleries, built up with particles of earth or vegetable matter, cemented 
together with the saliva of the insects.” Many of “ the very large hillocks 
are the work of many distinct species, each of which uses materials differ- 
ently compacted, and keeps to its own portion of the tumulus.”’ 

A family of Termites consists of a king and queen, of the workers, and 
of the soldiers. According to the researches of Lespes, Bates, and Fritz 



Fig. i86. — ^Termites {Termes bellicosus). a King, before the wings are cast off ; 

. 6 Queen, with the abdomen distended with eggs ; c Worker ; ib Soldier. 

Muller, the workers and soldiers amongst the Termites are not sterile 
females, but modified larvcCf which belong to both sexes, and are arrested 
in their development (or, rarely, males and females in which the reproduc- 
tive organs are rudimentary). Fritz Muller has further discovered that, 
in addition to the winged males and females which arc periodically pro- 
duced in great numbers, there exists in some, if not in all, of the species a 
second set of males and females, which are destitute of wings. These 
complementary males and females never leave the termitary in which they 
are bom ; and they may take the place of the winged males and females 
whenever a community fails to secure a royal couple at the proper period. 
The royal couple are the parents of the colony, and “ are always kept to- 
gether, closely guarded by a detachment of workers, in a large chamber in 
the very heart of the hive, surrounded by much stronger walls than the 
other cells. They are both wingle.ss, and immensely larger than the 
workers and soldiers. The queen, when in her chamber, is always found 
in a gravid condition, her abdomen enormously distended with eggs, 
which, as fast as they come forth, are conveyed, by a relay of workers, in 
their mouths, from the royal chamber to the minor cells dispersed through 
the hive.” 

At the beginning of the rainy season a number of imnged males and 
females are produced, which, when they arrive at maturity, leave the hive, 
and fly abroad. They then shed their wings (a special provision for this 
existing in a natural seam running across the root of the wing and dividing 
the nervures) j they pair, and then become the kings and queens of future 
colonies. 

The workers and the soldiers are distinct from the moment of their 
emergence from the egg, and they do not acquire their special characteris- 
tics in consequence of any difference of food or treatment. Both are wing^ 



ANNULOSA: INS:ECTA. 


353 


less, and they differ solely in the armature of the head. The duties of the 
workers are to “build, make covered roads, nurse the young brood from 
the egg upwards, take care of the king and queen, who are the progeni- 
tors of the whole colony, and secure the exit of the males and females when 
they acquire wings, and flyout to pair and disseminate the race.” The 
duties of the soldiers are to defend the community from all attacks which 
may be made upon its peace, for which purpose the mandibles are greatly 
developed. 

Sub-class III. Holometabola. — Metamorphosis complete; 
the larva^ piipa^ and imago differing greatly from one another 
in external appearance. The larva vermiform^ and the pupa 
quiescent. 

Order VIII. Aphaniptera. — Wings nidmentary^ in the 
form of scales, situated on the mesothorax and metathorax. 
Mouth suctorial. Metamorphosis complete. 

This order comprises the Fleas (Pulicidie), which are para- 
sitic upon different animals. The larva of the common Flea 
(Tulex irritans, fig. 187) is an apodal grub, which in about 



Fig. 187,— A, The common Flea (Pti/vx irritans) ; B, Larva of the same ; C, Pupa of 
the .same. All the figures are greatly magnthed. (After Westwood.) 


twelve days spins a cocoon for itself, and becomes a quiescent 
pupa, from which the imago emerges in about a fortnight 
more. 

The Chigoe or Sand-flea {Sarcopsylla penetrans^ of the tropi- 
cal parts of America, is a more serious pest than the common 
Flea. It is, however, only a parasite as regards the impreg- 
nated females \ the males, unimpregnated females, and larvaj 
leading a free existence. The impregnated females, however, 
bore their way through the skin of the foot in tlie human sub- 
.ject, and live there till they assume the size of peas, by the 
distension of the abdomen with eggs, often occasioning great 
local irritation and inflammation. They also live beneath the 
skin of mice and dogs. 

Many authorities regard the Aphaniptera as a degraded group 
of the Diptera. 

z 
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Order IX. Diptera. — The anterior pair of wings alone 
developed ; the posterior pair of wings rudimentary, represented 
by a pair of clubbed filaments, called halteresf or balancers'^ 
(fig. 1 88 ). In a few the wings are altogether wanting. Mouth 
suctorial. The metamorphosis is complete, the larvce being gener- 
ally destitute of feet ; but in some cases (e.g., the gnats) the pupce 
are aquatic and are actively locomotive. In most cases, Imvever, 
the pupce are quiescent. 

The proboscis in the Diptera consists of a tubular labium 
enclosing the other parts of the mouth, and is placed on the 
under surface of the head. Ocelli are present in addition to 
the compound eyes. The wings are generally horizontal and 
transparent, the nervures not very numerous, and for the most 



Fig. i83. — Diptera. Crane-fly 

part longitudinally disposed. The anterior wings usually have 
appended to their binder margin, at their base, a pair of little 
membranous flaps (the “ alulee ”), which are to be regarded as 
separate and detached elements of the front wings. The an- 
tennae are generally small and three-jointed {Brachycera), some- 
times many- jointed (Tipulida), or feathery {Culicidce), The 
larva is soft and fleshy, with a soft indistinct head, usually 
apodal, never with thoracic legs, and rarely with pro-legs. 
The larval skin mostly forms a hardened case for the pupa, 
but the larvae sometimes cast their skin when becoming pupae, 
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or even spin cocoons. In one section of the Diptera^ hence 
termed Pupipara^ the larvae continue to reside within the 
mother until they are just ready to become pupae, and they 
are born in a form closely resembling the ordinary pupae of the 
members of the order. In the Hessian Fly {Ceddomyia) the 
larva produces asexually a number of secondary larvae, which 
are developed within the body of the primitive larva, and feed 
upon its tissues, ultimately causing its death. 

The Diptera constitute one of the largest of the orders of 
the Insccta, Amongst the more important forms included in 
this division may be enumerated the House-flies, Bluebottles, 
and Flesh-flies {Muscidee) \ the Gnats, Midges, and Mosquitos 
( Cnlicidcd) ; the Bot-flies ( CEstridee) ; the Gad-flies ( Tabanidce) \ 
the P brest-flies and Sheep-ticks {Hippoboscided) ; and the Crane- 
flies (Tipididce). 

Order X. Lepidoptera. — Mouth suctorial^ consistmg of a 
spiral trunk or ‘‘ antliaf composed of the greatly-elongated max ill ce^ 
and protected^ when not in use, by the cushion-shaped hairy labial 
palpL Maxilhe forming two sub-cylindrical tubes, united together 
by inosculating hooks, and constituting an inter?ncdiate tube by their 
junction. Maxillary palpi minute ; labrum and mandibles rudi- 
mentary. Head, thorax, and abdomen more or less covered with 
hair. Wings, four in Jiumber, covered with modified hairs or 
scales ; wanting in the females of a few species. Nervures not 
very numerous, mostly longitudinal. Antennce composed of 7 iumer- 
ous minute joints. 

This well-known and most beautiful of all the orders of 
Insects comprises the Butterflies (fig. 189) and the Moths (fig. 
190) ; the former being diurnal in their habits, the latter mostly 
crepuscular or nocturnal. 

The larvce of Lepidoptera (fig. 189), commonly called “cater- 
pillars,^' are vermiform in shape, normally composed of thirteen 
segments, the first of which forms a distinct horny head, with 
antennae, jaws, and usually simple eyes. The mouth of the 
caterpillar, unlike that of the perfect insect, is formed for mas- 
tication. The labiuin, also, is provided with a tubular organ 
— the “ spinneret ” — which communicates with two internal 
glands, the functions of which are to furnish the silk, whereby 
the animal constructs its ordinary abode or spins its cocoon. 
The viscera are embedded in a largely developed fatty tissue 
(epiploon), which is absorbed by the pupa during its period of 
quiescence. The three segments behind the head correspond 
with the prothorax, mesothorax, and metathorax of the perfect 
insect, and each carries a pair of jointed walking-legs. Besides 
these thoracic legs, there is a variable number (generally five 
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pairs) of soft fleshy legs, which are borne by the segments of 
the abdomen, and are known as ‘'pro- legs.” Each is usually 
furnished with a crown of several rows of small homy hooks, 
and they are never attached to the 4th, 5th, loth, and nth seg- 
ments behind the head to the ist 2d, 7th, or 8th abdomi- 
nal segments). 

In the Diurnal Lepidoptera^ or Butterflies proper (fig. 189), 

the antennae are knobbed 
(hence the name of Rho^ 
palocera often given to 
the group) ; the wings are 
usually held erect when 
the insect is in a state 
of repose ; the larvae 
have six thoracic legs, 
and ten pro-legs ; and the 
pupae are always naked, 
attached by the poste- 
rior extremity, or head 
downwards, and usually 
angular. 

In the Crepuscular Lep- 
idopterUy including those 
forms which are active 
during the twilight, the 
antennae are fusiform, or 
grow gradually thicker 
from the base io the apex ; the wings are horizontal or a little 
inclined when the insect is at rest ; the posterior wings generally 
have their front margins furnished with a rigid spine (“ retin- 
aculum ”) which is received into a hook on the under surface 
of the anterior wings ; and the pupae are never angular. 

The Nocturnal Lepidoptera have the antennae setaceous, or 
diminishing gradually from the base to the apex, often serrated 
or pectinated (fig. 190); the wings in repose are horizontal or 
deflexed, and the hind-wings are often furnished with a “ retin- 
aculum,” as in the preceding section; the pupae are mostly 
smooth, sometimes spiny, and often enclosed in a cocoon. 

The two groups of the Crepuscular and Nocturnal Lepidoptera 
are often included in a single division, under the name of 
Heterocera. It is to be remembered that many members of the 
Nocturnal division of the order, though they would ordinarily 
be called Moths, are active during the day, and in this respect 
resemble the true Butterflies. 

Order XI. Hymenoptera. — Wings four^ membranous^ with 



Fie, 189.— Large White Cabbage Butterfly (P/Vm 
hrassicw). a Larva or caterpillar ; b Pupa or 
chrysalis ; c Imago or perfect insect. 
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few nervures ; sometimes absent. Mouth always prervided with 
biting-jaws or mandibles ; the maxillcE and labium generally con- 
verted into a suctorial organ. Females having the extremity of 



Fig. XQO. — Goat-moth igossus ligtiiperda) and Caterpillar. 


the abdotnen furnished with an ovipositor (terebra or aadeus), con- 
sisting generally of five or six pieces^ of which the two outer form 
a protective sheath. Besides the compound eyes, there are 
usually three ocelli placed on the top of the head. The an- 
tennae are generally filiform or setaceous. The metamorphosis 
is complete, but the various parts of the pupa are visible through 
the delicate enclosing membrane. The larvae are sometimes 
provided with feet, and live on vegetable food (as in the Ten- 
thredinidce^ fig. 1 9 1 ) ; but they are mostly footless, without a 
distinct head, and fed by the adult. 

The Hymenoptera form a very extensive order, comprising 
the Bees, Wasps, Ants, Ichneumons, Saw-flies, &c The ovi- 
positor, which is characteristic of the females of this order, is 
very commonly modified so as to constitute a saw {serra)^ a 
boring organ (terebra), or a sting (aculms). 

As regards the principal groups of the Hymenoptera, the 
Saw-flies (Tenthredinidce and Siricidoe) form a very natural sec- 
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tion, which is often spoken of as that of the Terebrantia^ as the 
females have the ovipositor converted into a saw or borer. 
The larvae of the Saw-flies (fig. 191) feed upon vegetable 

matter, and have pro-legs. 
Another important group 
is that of the Gall - flies 
(Cyni/nWa:), all of which 
lay their eggs in the soft 
tissues of plants (generally 
the leaves). The result- 
ing ‘‘galls’* are due to the 
abnormal cell -growth ex- 
cited locally in the plant 
by the irritation caused 
by the puncture of the 
mother’s ovipositor in 
depositing the eggs. The 
larvae are footless. In the 
allied group of the Ich- 
neumons (lchncumo 7 iidm)y 
the larvae are also footless, 
and the eggs are deposited 
by the females in the larvae 
or pupae of other insects, 
upon whose tissues the 
young support themselves 
after hatching All the 
other Hyfiimoptcra have 
the ovipositor of the female converted into a sting (not always 
the case in the Ants), and they may therefore be grouped 
together under the common title of Aciileata, The principal 
families included under this name are the Ants {Forftiicuice), 
the Wasps ( Vespidce), the Hornets ( Crabrofiidce)^ the Bees 
(Apidce), and the Bumble-bees {Bornbidcd), 



Fig. 1 91 . — Gooseberry Saw-fly ( Tenthredo grossu- 
laria-), larva, pupa, and imago. 


Amongst the Hymenoptera we fihd social communities, in many respects 
resembling those of the Termites, of which a description has already been 
given. The societies of Bees and Ants arc well known, and merit a short 
description. 

The social Bees, of which the common Iloncy-bee (Apis mellifica)^ is so 
familiar an example, form organised communities, consisting of three classes 
of individuals — tne males, females, and neuters. As a rule, each commu- 
nity consists of a single female — “ the queen ” — and of the neuters, or 
“ workers.” The impregnation of the female is effected by the production 
of males, or “drones,” during the summer. After impregnation has been 
effected, the drones, as being then useless, are destroyed by the workers. 
The eggs produced by the fecundated queen are mostly intended to give 
origin to neuters, to which end they are placed in the ordinary cells. The 
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ova which are to give origin to females — the “queens ” of future colonies 
—are placed in cells of a peculiar construction, and the larvae are fed by 
the workers with a special food. The ova which are to produce males are 
likewise placed in cells, which are slightly larger than those allotted to the 
workers. It is asserted, however, that this is not the sole or true cause of 
the production of the males ; but that the ova which are intended to pro- 
duce drones are not fertilised by the female with the semen which she has 
stored up in her spermatheca, and are therefore produced by a process 
of parthenogenesis. That the males are produced parthenogenetically 
in some, at any rate, of the Hymenoptera, appears to have been placed 
beyond a reasonable doubt by the researches of Von Siebold, (See 
Introduction.) 

In the Bumble-bees {Bombidtc), and in the Wasps (Vespidee)^ we have 
societies essentially the same as in the Honey-bee. In a large community 
of Wasps, or “vespiary,” there may be several hundred females, of which 
few survive the winter, and live to found fresh colonies next spring. The 
number of males is about equal to that of the females, but, unlike the 
drones of the Bees, the males work actively and defend the nest. As 
amongst the Bees, solitary species are not uncommon. 

The Ants (Fonuicidic) likewise form communities, consisting of males, 
females, and neuters (fig. 192). The males and females, as we have seen 



of Ant, enlarged ; t’The Great Saw-fly {Sirex 


in the case of the Termites, are winged, and are produced in great num- 
bers at a particular period of the year. They then quit the nest and pair, 
after which the males die. The females then lose their wings and fall to 
the ground, when they become the queens of fresh societies. In some 
Ants, as in the Termites, the neuters are divided into two classes — the 
workers and the soldiers— of which the former perform all the duties neces- 
sary for the preservation of the society except defending the nest, this being 
left to the soldiers. In other cases, as many as three distinct orders or 
‘ * castes ” of neuters may be present in the same nest. 

Amongst the more singular of the habits and instincts of Ants two may 
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be mentioned — the instinct of making slaves, and that of milking, so to 
speak, the little Plant-lice {Aphides), As regards the first of these, it is 
found that certain Ants possess the extraordinary instinct of capturing the 
pupae of other species of Ants, and bringing them up as slaves. The 
relations between the masters and the slaves vary a good deal in different 
species. In the case of Polyergtis rufescens^ for instance, the masters are 
entirely dependent upon their slaves ; the males and females do nothing 
except reproducing the species, and the neuters perform no other labour 
except that of capturing fresh slaves. The masters are in this case unable 
even to feed themselves, and their existence is maintained entirely by the 
devotion of the slaves. In Formica sanguinea^ on the other hand, the 
number of slaves is much less, and both masters and slaves occupy them- 
selves in performing most of the duties necessary for the community. 'J'he 
masters, however, go alone when on slave-making expeditions ; and in case 
of a migration, the masters carry the slaves in their mouths. 

A second singular fact in the history of Ants is found in the relations 
which subsist between them and the Aphides^ or Plant-lice. The Aphides 
secrete, or rather excrete, a peculiar viscid and sweet liquid, by means of 
a gland which is situated towards the extremity of the abdomen, and c\)m- 
municates with the exterior by two tubular filaments. Ants are extremely 
fond of this excretion, and it is a well-established fact that the Aphides 
allow themselves to be milked^ as it were, by the Ants. For this purpose 
the Ant touches and caresses the abdomen of the Aphis with its anteniue, 
whereupon the latter voluntarily exudes a drop of the coveted fluid. 

The belief that our European Ants stored up grain for winter consumj> 
tion, though generally asserted by the ancients, has been, until recently, 
discredited by scientific observei;s, upon the ground that our Ants are 
known to be carnivorous in their habits. Mr Moggridge has, however, 
recently shown that there are exceptions to this rule, and that some of the 
Ants of the south of Europe (such as some of the species of Atta) not only 
eat vegetable food, but really execute the feats imputed to them by the 
old writers. They do, namely, store up a provision of grain for the winter, 
and they prevent this from germinating by gnawing the radicle. 


Order XII. Strepsiptera. — Females ^vithout wifigs or feet, 
parasitic. Males possessing the posterior pair of wings, luhiclt 

are large, membranous, atid 
folded longitudhially like a 
fan. The anterior pair of 
wings rudimentary, repre^ 
sented by a pair of singular 
twisted organs, faivs rudi~ 
me7itary. 

The Strepsiptera consti- 
tute a small order, which 
includes certain parasites of 
minute size, found on Bees 
and other Hyme720ptera, 
The female is a soft vermi- 
form grub, without feet or 
wings, but with a homy 
head, which it protrudes from between the abdominal segments 



Fig- *93-- 


Strepsiptera. SivlopsSpencii^^x^zsXy 
jnagnifiecl (after Westwood). 
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of its host. The larvae are active, and possess six feet ; whilst 
the males (fig. 193) are winged, and fly about with great activity. 

The Strepsiptera are now very generally regarded as an ano- 
malous and degraded group of the Coleoptera, 

Order XIII. Coleoptera. — Mouth masticatory ^ furnished 
with an upper Up or labrum^ two mandibles^ two maxillce^ with 



Fig. 194.— Coleoptera. Cotnmoii Cockchafer {JMcloloutha vulgaris). 


maxillary palpi {generally four-jointed)^ and a movable hnuer lip 
or labium^ with two jointed labial palpi. The four xvings are 
usually present^ and the anterior pair arc not adapted for flighty 
but are hardened by chitine, so as to form pro- 
tective cases {elytra) for the posterior wings 
(fig. 194). The inner margins of the elytra 
are generally straight^ and when in contact 
they form a longitudinal suture. The pos- 
terior wings are membf'anous, and when not 
in use are folded transversely beneath the 
elytra, (Amongst deviations from this state 
of parts may be mentioned the occasional 
absence or rudimentary condition of the 
hinder wings, the soldering together of the 
elytra, the soft and yielding condition of 
the elytra, or the absence of both elytra and 
wings.) The eyes are always compound, 
generally circular, oval, or reniform, but 
sometimes completely divided. The an- 
. tennae are extremely variable in form, gen- 
erally of eleven joints, sometimes of fewer, Fig. 195 — <»Rosc-chafer 
rarely of twelve or more. The thorax is Lva. 
composed of a pro- meso- and meta-thorax, 
but when the elytra are closed, only the prothomx and a little 
plate (“ scutellum ”) belonging to the mesothorax are visible. 
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The tarsus is generally composed of five joints, sometimes 
fewer, never more, and its last joint is usually furnished with 
two hooked claws. 

The larvce of Colcoptera are generally composed of thirteen 
segments, including the head. The body is generally soft and 
fleshy, the head horny, and the mouth adapted for masti- 
cation, the food being sometimes of an animal and sometimes 
of a vegetable nature. The antennae are small, usually ot 
three or four joints, with ocelli at their base. They have three 
pairs of legs attached to the thorax, and rarely anal pro-legs or 
fleshy tubercles ; or they may be devoid of feet (as in the 
weevils). The pupa is sometimes enclosed in a cocoon, and 
is always quiescent; and the parts of the perfect insect are 
always distinctly recognisable in the pupa. 

The order Colcoptera includes all those insects commonly 
known as “Beetles,” and comprises an enormous number of 
genera and species. They arc remarkable, as a general rule, 
for their hard polished integument, their glittering, often 
metallic colours, and their voracious habits. 

The. order Coleopiera wa.s divided by Latreille into four sections, in 
accordance with the number of the joints in the tarsi ; and thoujjh the 
resulting arrangement is not strictly natural, this classification is generally 
followed. The four sections founded by Latreille are : — 

1. Trimera. — Tarsus three-jointed. Ex, Lady-birds {CocrinellidiT). 

2. Tetramera. — Tarsus four-jointed. Ex, The Longicorn Beetles 

{Longicorma)y the Weevils {Khynchophora), ike. 

3. IIeteromera. — Tarsu.s of the two anterior pairs of legs five-jointed, 

of the posterior pair four-jointed. Ex. The Blister Beelle.s {Can- 
tharid(c)^ and the great family of the Tcnclndonidcc. 

4. Bentamera. — Tar.sus five-jointed in all the leg.s. Ex. .Soldier- 

beetles {TdephoriLs), Glow-worm {Lampyris)^ the Elateridtc (the 
larvie known as ‘‘wire- worms”) the beautiful BuprestidtCy the 
great group of the Lamellicorn Beetles (such a.s the .Stag-beetle, 
Cockchafer, Dung-beetle, &c.), the Burying beetles {Nccrophorus)^ 
the DeviTs-coach-horses {Staphylinidi€\ the Water-beetles {Hydro- 
philuhe and Dyiiscidte), the Whirligigs {Cyrinidtf), the Ground- 
l>eetles {Carabidic)^ and the Tiger- beetles {Cicindelidu:). 
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CHAPTER XL. 


SUB-KINGDOM MOLLUSC.U 


Sub-kingdom Mollusca. — The Afollusca may be defined as in- 
cluding soft-bodied, unsegmented animals, which are usually 
provided with an exoskeleton. The intestinal canal is bounded 
by its own proper walls, and is completely shut off from the 
perivisceral cavity. The alimentary canal is situated between 
the haemal system, which lies dorsally, and the neural system, 
which is situated towards the ventral aspect of the body. 'J'he 
nervous system (fig. 196) 
in its highest development 
consists of three principal 
ganglia, which are reduced 
to one in the lower forms. 

Usually there is a distinct 
propulsive organ by which 
the circulation is carried on, 
but this is occasionally ab- 
sent. Distinct respiratory 
organs may or may not be 
present. Reproduction is 
sexual, though gemmation 
is also occasionally superadded. The higher Mollusca are all 
simple animals, but many of the lower forms are capable of 
forming colonies by continuous gemmation. 

The digestive system in all the Mollusca consists of a mouth, 
gullet, stomach, intestine, and anus— though in some of the 
Brachiopoda^ and in a few other forms, the intestine ends 
caecally. In some the mouth is surrounded by ciliated ten- 
tacles (Polyzoay fig. 1 99) ; in others it is furnished with two 
ciliated arms {Brachiopoda, fig. 204) ; in the bivalves {Lamclli- 
branchiatd) it is mostly furnished with four membranous pro- 
cesses or palpi (fig. 208) ; in others it is provided with a com- 



Fig. 196. — Diagram of a Mollusc, a Alimen- 
tary canal; h Heart; / Foot; ft Cerebral 
ganglion ; n' Pedal ganglion ; Parieto- 
splanchnic ganglion. 
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plicated apparatus of teeth {Gasteropoda^ fig. 213, and Ptero- 
poda) ; and, lastly, the Cephalopoda have, in addition, horny or 
calcareous mandibles, forming a kind of beak. Well-developed 
salivary glands are usually present ; the liver in the higher 
forms is of large size, and pours its secretion either into the 
stomach or into the commencement of the intestine ; and a 
renal organ has been detected in most of the Mollusca proper. 
There is no distinct absorbent system, but the products of 
digestion pass by exosmose into the general abdominal cavity, 
and thence into the larger veins. 

The blood is colourless, or nearly so. In the Polyzoa the 
circulation is carried on by ciliary action, and there is no dis- 
tinct propulsive organ, or definite course of the circulating 
fluid. In the Tunicata the heart is a simple tube, open at both 
ends, and the course of the circulation is periodically reversed. 
In the Brachiopoda the course of the circulation is not defi- 
nitely ascertained, and it is doubtful if a true heart is present 
in all. In the higher Mollusca a distinct heart is always 
present, and consists of an auricle which receives the aerated 
blood from the breathing -organ, and a muscular ventricle 
which propels it through the systemic vessels. That a system 
of capillaries in many cases intervenes between the arteries 
and veins, appears from recent researches to be probable. 
In all cases the heart of the Mollusca is systemic, distributing 
the aerated blood to the body ; and in no case is it respiratory, 
propelling the non-aerated blood to the breathing-organ. 

In the Polyzoa there is no differentiated respiratory organ, 
and the function of respiration is discharged mainly by the 
oral crown of ciliated tentacles. In the Tunicata respiration 
is effected by means of the pharyngeal or branchial sac ; and 
in the Brachiopoda by the oral arms, and possibly, to some 
extent, by an “atriar* or “water-vascular” system, furnished 
with contractile dilatations. In the higher Afollusca a distinct 
breathing-organ is always present, a portion of the mantle being 
specialised for this purpose. In the Lamellibranchiata^ and 
the branchiate Gasteropoda^ the breathing-organs are in the 
form of lamellar and pectinate gills ; and the same is the case 
with the Cephalopoda, In the piilmonate Gasteropoda, in 
which respiration is aerial, a pulmonary sac or air-chamber is 
produced by the folding of a portion of the mantle, over the 
interior of which the pulmonary vessels are distributed. The 
chamber thus formed communicates with the exterior by a 
round aperture, which can be opened or closed at will ; and the 
renovation of the effete air within the sac appears to be effected 
mainly or entirely by simple diffusion. 
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The nervous system varies considerably in its develop- 
ment. In the Folyzoa, Tunicata^ and Brachiopda — which 
collectively constitute the Molluscoida — the nervous system 
consists of a single ganglion, or of a principal pair with 
accessory ganglia, placed between the oral and anal aper- 
tures. The true Molluscan type (fig. 196), however, of ner- 
vous system is constituted by the presence of three pairs of 
ganglia, connected with one another by commissures, but 
distributed in a characteristically scattered manner (hetero- 
gangliate type). One of these ganglia is situated above the 
oesophagus, and is called the “ supra-cesophageal ” or “cere- 
bral” ganglion. A second is placed below the esophagus, 
and is termed the “ infra-oesophageal ” or “pedal” ganglion 
(from its supplying the nerves to the “ foot ”). The third pair 
is the most persistent, and is termed the “branchial” or 
“ parieto-splanchnic ” ganglion. In many of the higher Mol- 
lusca, however, the cerebral and pedal ganglia are fused in an 
esophageal ring. 

Organs of sight exist in some of the lower, and in the majo- 
rity of the higher, Moliusca, In the Cephalopoda^ and in some 
of the Gasteropoda Strombidce)^ the eyes are of a very high 
type of organisation. In the LameUibranchiata the adults are 
either destitute of organs of vision, or possess numerous simple 
eyes (“ ocelli ”) placed along the margins of the mantle-lobes. 
Similar ocelli are also found in some of the Tunicata, placed 
between the oral tentacles. Organs of hearing (“ otocysts ”) 
exist in the more highly organised Mollusca^ especially in the 
Gasteropoda and Cephalopoda^ and supposed olfactory organs 
occur in some of the latter. 

Reproduction amongst the Mollusca is almost invariably 
sexual, but it is by continuous gemmation that the colonies of 
the Folyzoa, and the social and compound Timicata, are pro- 
duced, and the “ statoblasts ” of the former offer a good ex- 
ample of non-sexual reproduction. The sexes may be distinct, 
or are in many cases united in the same individual. In many 
forms the ova are arranged in rows, so as to form a strap or 
ribbon - shaped structure, termed the “nidamental ribbon.” 
There is generally h, distinct metamorphosis in development. 

As implied by their scientific name, the Mollusca are mostly 
soft-hodied animals ; but their popular name of “ Shell-fish ” 
expresses the fact, that the presence of a shell, protecting the 
soft body, is likewise a very characteristic feature in the sub- 
kingdom. At the same time, a shell is not universally present, 
and many of the Mollusca are either permanently naked, or 
possess nothing that would be ordinarily looked upon as a 
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shell. When there is either no shell at all, or merely a rudi- 
mentary shell enclosed in the mantle, the Mollusc is said to 
be “ naked.'' The shell of the “ testaceous " Mollusca is very 
closely related to the respiratory organs ; “ indeed it may be 
regarded as a pneumoskelcto7i. being essentially a calcified por- 
tion of the mantle, of which the breathing-organ is at most a 
specialised part. ... In its most reduced form the shell 
is only a hollow cone or plate, protecting the breathing-organ 
and heart, as in Limax, Testacella^ and Carinaria, Its peculiar 
features always relate to the condition of the breathing-organ, 
and in Tcrehratula and Pelonaia it becomes identified with the 
gill. In the Nudibranchs the vascular mantle performs, wholly 
or in part, the respiratory office. In the Cephalopods the shell 
becomes complicated by the addition of a distinct, internal, 
chambered portion i^phnxgtnacone)^ which is properly a visceral 
skeleton " (Woodward). In a great many of the Mollusca 
proper the shell consists of but a single piece, and they are 
called “ univalves.'^ In many others the shell consists of two 
separate plates or valves,^' and these are called “ bivalves." 
In others, again, as in the Chiton^ the shell consists of more 
than two pieces, and is said to be “ multivalve." Most, how- 
ever, of the multivalve shells of older writers are in reality 
referable to the Cirripedia, 

All the testaceous Mollusca (except the Argonaut), and most 
of the “ naked " forms, acquire a rudimentary shell before their 
liberation from the ovum. In the latter this rudimentary shell 
is cast off as the embryo grows, but in the former it becomes 
the “ nucleus " of the adult shell. In the bivalves the embry- 
onic shell or “ nucleus " is situated at the beak or “ umbo " of 
each valve, and is often very unlike the remainder of the shell. 

In composition the shell of the Mollusca consists of carbonate of lime — 
usually having the atomic arrangement of calcite — with a small proportion 
of animal matter. In the Pholiulidtc, however, the calcareous matter exists 
in the allolropic condition of arragonite^ which is veiy much harder than 
calcite ; and there are many Gastcropods in which the shell is similarly com- 
l)osed of arragonite. As regards their texture, three principal varieties of 
shells may be distinguished — viz., the “porcellanous,” the “nacreous,” and 
the “ fibrous.” In the “ nacreous ” or jxiarly shells, as seen in “ mother-of- 
pearl,” the shell has a peculiar lustre, due to the minute undulations of the 
edges of alternate layers of carbonate of lime and membrane. The ‘ ‘ fibrous ” 
shells are composed of successive layers of prismatic cells. The “ porcellan- 
pus ” shell has a more complicated structure, and is composed of three layers 
or strata, each of which is made up of very numerous plates, “like card-s 
placed on edge.” The direction in which the vertical plates are placed, is 
sometimes transverse in the central layer, and lengthwise in the two others ; 
or longitudinal in the middle, and transverse in the outer and inner strata. 

All living shells have an outer layer of animal matter, which is known as 
the “epidermis,” or “ periostracum. ” This is sometimes of extreme ten- 

2 A 
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uity, but is sometimes very thick, the latter being especially the case with 
those shells which are found in fresh water. 

In many of the spiral univalves, as the animal grows it withdraws itself 
from the upper portion of the shell, often partitioning off the space thus 
left vacant. In many instances the portion thus abandoned falls off, and the 
shell becomes “truncated,” or “decollated this being the normal con- 
dition in fully-grown examples of some shells. 

In the great majority of univalves the shell is coiled into a spiral, the 
direction of which is right-handed, but in some cases the spiral is left- 
handed, and the shell is said to be “reversed,” or “sinistral.” There- 
versed shell may occur as the normal condition of the species, or it may 
occur simply as a variety of a form which is normally right-handed, or 
“ dextral.” 

The sub-kingdom MoUusca is divided into two great divi- 
sions, termed respectively the Molluscoida^ and the MoUusca 
proper. In the former of these the nervous system consists of 
a single ganglion or principal pair of ganglia, and there is 
either no circulatory organ or an imperfect heart. In the 
latter the nervous system consists of three principal pairs of 
ganglia, and there is a well-developed heart, consisting of at 
least two chambers. 
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CHAPTER XLI. 


POLYZOA. 

Division A. Molluscoida. — Nenwus system consisting of a 
single ganglion, or of a principal pair with accessory ganglia ; no 
distinct organ of the circulatiofi, or an imperfect heart. 

This division includes three classes — viz., the Polyzoa, the 
I'linicata, and the Brachiopoda. 

Class I. Polyzoa (Bryozoct ). — The members of this class 
are defined as follows : — “ Alimentary canal suspended in a 
double-walled sac, from which it may be partially protruded by a 
process of ez>agination, and into which it may be again retracted 
by invagination. Mouth surrounded by a circle or crescent of 
holhnv, ciliated tentacles ; animals always forming composite 
colonies ” (Allman). 

All the Polyzoa live in an associated form in colonies or 
polyzoaria,” which are sometimes foliaceous (fig. 197), some- 
times branched and ])lant-like, sometimes encrusting, and very 
rarely are free. Each “ polyzoarium ” consists of an assem- 
blage of distinct but similar zooids arising by continuous gem- 
mation from a single primordial individual. The colonies thus 
produced are in very many respects closely similar to those of 
many of the Hydroid Polypes, with which, indeed, the Polyzoa 
were for a long time classed. The “ polyzoarium,'* however, 
of a Polyzodn differs from the polypidom of a composite Hy- 
droid in the general fact that the separate cells of the former 
do not communicate with one another otherwise than by the 
cpntinuity of the external integument \ whereas the zooids of 
the latter are united by an organic connecting medium, or 
“ coenosarc,” from which they take their origin. 

In one group of the Polyzoa — viz., the Ctenostomata (includ- 
ing Vesicularia and its allies), the cells arise from a common 
stalk, and are thus placed in communication with one another; 
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but this hardly affects the general value of the distinction 
above spoken of. 

The homomorphism, however, which subsists between the 



Fig. 197 . — Flustra /oliacca, one of the Sca-niats. a Portion of the colony, natural 
size ; b A fragment magnified, to show the cells in which the separate polypides are 
contained. 


Polyzoa and the Hydroida, is shown most decisively not to be 
a true affinity, when the structure of the individual zooids is 
examined. The polypite of a Hydroid Zoophyte, as we have 
already seen, possesses no alimentary canal distinct from the 
general cavity of the body ; there are no traces of a nervous 
system, and the reproductive organs are in the form of exter- 
nal processes of the body-wall. In the zo 5 id of all the Polyzoa 
(fig. 198, 2), on the other hand, there is a distinct alimentary 
canal, completely shut off from the somatic cavity ; a nervous 
system is present, and the reproductive organs are contained 
within the body. 

In the Polyzoa, the entire colony— or its entire dermal system 
—is called the ‘‘ polyzoarium ” or “ coenoecium ; ” the separate 
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zooids are called polypides ; ” and the little chambers in 
which each is contained are called the “ cells,” or “ zocecia.” 

It will be seen, therefore, that the term polypite is restricted 
to the zooid of a compound Hydrozoon, or to the entire hydro- 
soma of a simple member of the class. The term polype is 
applied to a simple Actinozoon^ or to the zooids of a compound 
actinosoma. Lastly, the term polypide is exclusively employed 
to designate the zodid of one of the Polyzoa, 

The construction of a typical polypide of a Polyzodn is thus 
described by Professor Allman (fig. 198, 2) : — 

“ Let us imagine an alimentary canal, consisting of oeso- 



Fig. 198. --Morphology of Polyzoa. i. Portion of the coenoecium of Fhisira fnotcata, 
magnified. 2. Diagram of a Polyzoon (after Allman) : a Region of the mouth sur- 
rounded by tentacles ; h Alimentary canal ; c Anus ; d Nervous ganglion ; e Invest- 
ing sac (cctocyst) ; y" Testis; /' Ovary; ^Retractor muscle. 3. Bird‘s-hcad pro- 
cess, or “ avicularium,” of a Polyzoon. 


phagus, Stomach, and intestine, to be furnished at its origin 
with long ciliated tentacula, and to have a single nervous gan- 
glion placed upon one side of the oesophagus. Let us now 
suppose this canal to be bent back upon itself towards the 
side of the ganglion, so as to approximate the termination to 
the origin. Let us further imagine the digestive tube thus 
constituted to be suspended in a fluid contained in a mem- 
branous sac with two openings, one for the mouth and the 
other for the vent, the tentacula alone being external to the 
sac. Let us still further suppose the alimentary tube, by means 
of a system of muscles, to admit of being retracted or pro- 
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.truded according to the will of the animal; the retraction 
being accompanied by an invagination of the sac, so as par- 
tially or entirely to include the oral tentacles within it ; and if 
to these characters we add the presence of true sexual organs 
in the form of ovary and testis, occupying some portion of the 
interior of the sac, and the negative character of the absence 
of all vestige of a heart, we shall have, perhaps, as correct 
an idea — apart from all considerations of homology or deriva- 
tion from an archetype — as can be conveyed of the essential 
structure of a Polyzodn in its simplest and most generalised 
condition. 

“ To give, however, more actuality to our ideal Polyzoon, 
we may bear in mind that the immediately investing sac has 
the power, in almost every case, of secreting from its external 
surface a secondary investment, of very various constitution 
in the different groups; and we may, moreover, conceive of 
the entire animal with its digestive tube, tentacula, ganglion, 
muscles, generative organs, circumambient fluid, and investing 
sacs, repeating itself by gemmation, and thus producing one 
or more precisely similar systems holding a definite position 
relatively to one another, while all continue organically united, 
and we shall then have the actual condition presented by the 
Polyzoa in their fully-developed state.” 

The vast majority of the Polyzoa are fixed, but this is not 
universally the case. Thus the singular fresh-water Cristatella 
is free and locomotive, creeping about by means of a flattened 
discoid base, not unlike the foot of the Gasteivpoda ; and the 
polyzoary seems to have been unattached in a few other forms 
(Selena riUf Cupnlaria, &c.) 

The two fundamental structures of the “ coenoecium ” of a 
Polyzodn — viz., the immediately investing sac, and its second- 
ary investment — are sometimes termed the “endoderm” and 
“ ectoderm ; ” but as these terms are employed in describing 
the Ilydrozoa, it is better to make use of the terms “ endocyst 
and “ ectocyst,” proposed by Dr Allman. 

The ectocyst,” or external investment of the ccenoecium, 
is usually a brown, pergamentaceous, probably chitinous, but 
often highly calcareous, membrane; and it is by the ectocyst 
that the ‘‘cells” are formed. In Cristatella^ alone of the 
Polyzoa^ there is no ectocyst; and in Lophopus (fig. 199, 3) 
and in the curious Pectinatella the ectocyst is gelatinous in its 
consistence. In many cases the ectocyst is provided with 
singular appendages, supposed to be weapons of offence and 
defence, or organs of prehension, termed “avicularia” (fig. 
198, 3) and “vibracula.” The avicularia, or “bird*s-head 
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processes,” differ a good deal in shape, but consist essentially 
of ‘‘ a movable mandible and a cup furnished with a horny 
beak, with which the point of the mandible is capable of being 
brought into apposition ” (Busk). In shape the avicularia 
often closely resemble the head of a bird, and they are in 
many respects comparable with the ‘‘ pedicellariae " of the 
Echinoder 7 nata^ keeping up a constant snapping movement, 
which continues long after the death of the general colony. 
In the ‘‘ vibracula,” the place of the mandible of the avicu- 
larium is taken by a bristle, or seta, which is capable of exten- 
sive movement. In many cases the cells are also furnished 
with globular sacs or pouches (‘’ovicells” or “oocysts”), ap- 
pended to them, and serving as marsupial pouches for the ova. 
Ovicells are only known in the marine Polyzoa, and the ova 
are liberated by their ultimate rupture. 

It is generally believed that the avicularia, vibracula, and 
ovicells are really undeveloped polypicles or modified zooids. 
Good authorities also believe that the “cells” or “zocecia” 
themselves are not to be regarded as mere skeletal structures, 
but that they have a life independent of that of their con- 
tained polypides, and that they can continue to live and pro- 
duce new polypides after the death of the latter. They are 
regarded, in fact, as separate zooids. 

The endocyst is always soft, contractile, and membranous ; 
and, according to Sars, is wanting in Rhabdopleura. It lines 
the interior of the cells formed by the ectocyst, and is reflected 
backwards at the mouth of the cell, so as to be invaginated, or 
inverted into itself ; and it finally terminates by being attached 
to the base of the circlet of tentacles. This invagination of 
the endocyst is more or less permanently present in all the 
fresh-water Polyzoa. The epithelium lining the inner surface 
of the endocyst is furnished with vibratile cilia. 

The mouth of each polypide is surrounded by a crown of 
tubular, non-retractile tentacles, which have their sides ciliated, 
and are arranged sometimes in a circle and sometimes in a 
crescent. In the fresh-water Polyzoa the tentacles are united 
towards their bases by a funnel-shaped membrane, known as 
the “ calyx.'^ The tentacles are borne on a kind of disc, or 
stage, which is termed by Professor Allman the “ lophophore.” 
In the majority of Polyzoa — including almost all the marine 
species — the lophophore is circular (fig. 199, 2) ; but in most 
of the fresh-water forms it has its neural side extended into 
two long arms, so that the entire lophophore becomes crescen- 
tic or “horse-shoe-shaped ” (fig. 199, 3); hence this section is 
sometimes collectively termed the “ Hippocrepian ” Polyzoa, 
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In all, or almost all, the Polyzoa in which this crescentic con- 
dition of the lophophore exists, there is also a singular valve- 
like organ which, springing from the anal side of the lopho- 



Fig. 199. — I. Fragment of Flusira tmneata, one of the Sea-mats, natural size. 2. A 
single polypide of Valkcria, magnified, showing the orbicular crown of tentacles. 
3. A polypide of Lophopus crystallinusy a fresh-water Polyzoon, highly magnified, 
showing the horse-snoe-shaped crown of tentacles, a Tentacular crown ; b Gullet ; 
c Stomach ; d Intestine ; e Anus ; g Gizzard ; k Endocyst ; I Ectocyst ;y‘ Funiculus. 


phore, arches over the mouth, and is termed the “ epistome.” 
The only marine forms in which the lophophore is bilateral 
are Pedicellma and Rhabdopleiira ; the only fresh-water species 
in which the lophophore is orbicular are Paludicella and Urna- 
tella. 

The mouth conducts by an oesophagus into a dilated stomach. 
In some cases a pharnyx may be present, and in others there 
is in front of the stomach a muscular proventriculus, or giz- 
zard. From the stomach proceeds the intestine, which shortly 
turns forward to open by a distinct anus close to the mouth. 
As the nervous ganglion is situated on that side of the mouth 
towards which the intestine turns in order to reach its termina- 
tion, the intestine is said to have a neural flexure ; ” and this 
relation is constant throughout the entire class. 

Respiration in the Polyzoa appears to be carried on by the 
ciliated tentacles, and by the ‘‘perigastric space,” which is 
filled with a clear fluid, containing solid particles in suspen- 
sion. A kind of circulation is kept up in this “perigastric 
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fluid ” by means of the cilia lining the inner surface of the 
endocyst. Beyond this there is nothing that could be called 
a circulation, and there are no distinct circulatory organs of 
any kind. 

The nervous system in all the Polyzoa consists of a single 
small ganglion (fig. 198, 2), placed upon one side of the oeso- 
phagus, between it and the anal aperture, and apparently 
really of a double nature. Besides the single ganglion which 
belongs to each polypide, there is also in some of the Polyzoa^ 
a “ colonial nervous system ; ” that is to say, there is a well- 
developed nervous system, which unites together the various 
zooids composing the colony, and brings them into relation 
with one another. It is probably in virtue of this system that 
the avicularia are enabled to continue their movements and 
retain their irritability after the death of the polypides ; but 
high authorities deny that the so-called ‘‘colonial nerve-system’^ 
is really of a nervous nature at all. 

The muscular system is well developed, and consists of 
various muscular bands, with special functions attaching to 
each. The most important fasciculi are the retractor muscles 
(fig. 198, 2, ^), which retract the upper portion of the polypide 
within the cell. These muscles arise from the inner surface of 
the endocyst near the bottom of the cell, and are inserted into 
the upper part of the oesophagus. The polypide, when re- 
tracted, is again exserted, chiefly by the action of the “ parietal 
muscles,” which are in the form of circular bundles running 
transversely round the cell. 

As far as is known, all the Polyzoa are hermaphrodite, each 
polypide containing an ovary and testis (fig. 198, 2). The 
ovary is situated near the summit of the cell, and is attached 
to the inner surface of the endocyst. The testis is situated at 
the bottom of the cell, and a curious cylindrical appendage, 
called the “ funiculus,” usually passes from it to the fundus of 
the stomach. There are no efferent ducts to the reproductive 
organs ; and the products of generation — />., the spermatozoa 
and ova — are discharged into the perigastric space, where 
fecundation takes place ; and the impregnated ova escape by 
special openings in the body-wall, by dehiscence of the cell, 
or in some manner not as yet thoroughly understood. 

As already mentioned, continuous gemmation occurs in all 
the PolyzoUy the fresh zooids thus produced remaining attached 
to the organism from which they were budded forth, and thus 
giving rise to a compound growth. 

A form of discontinuous gemmation, however, occurs in many of the 
Polyzoa, in which certain singular bodies, called “ statoblasts, ” are devel- 
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Oped in the interior of the polypide. The statoblasts are found in certain 
seasons lying loose in the perigastric cavity. In form “they may be 
generally described as lenticular bodies, varying, according to the species, 
from an orbicular to an elongated-oval figure, and enclosed in a horny 
shell, which consists of two concavo-convex discs united by their margins, 
where they are further strengthened by a ring which runs round the entire 
margin, and is of different structure from the discs. . . . When the stato- 
blasts are placed under circumstances favouring their development, they 
open by the separation from one another of the two faces, and there then 
escapes from them a young Polyzoon^ already in an advanced stage of de- 
velopment, and in all essential respects resembling the adult individual in 
whose cell the statoblasts were produced ” (Allman). The statoblasts are 
formed as buds upon the “funiculus ’’—the cord already alluded to as ex- 
tending from the testis to the stomach — upon which they may usually be 
seen in different stages of growth. They do not appear to be set free from 
the perigastric space prior to the death of the adult, and when liberated 
they are enabled to float near the surface of the water, in consequence of 
the cells of the marginal ring, or “ annulus,” being spongy and filled with 
air. They must be looked upon as gcmmic peculiarly encysted, and 
destined to remain for a period in a quiescent or pupa-like state ” (All- 
man). 

As regards the development of the Polyzoa^ the embryo 
upon its emergence from the ovum presents itself as a ciliated, 
free-swimming, sac-like body, from which the polypide is sub- 
sequently produced by a process of gemmation. In the singu- 
lar Rhabdopleura the primitive bud is enclosed between two 
fleshy lobes or valve-like plates, attached along their dorsal 
margin, and giving exit in front to the rudimentary lophophore. 
As the development proceeds, these plates cease to keep pace 
in their growth with the rest of the bud ; till ultimately they 
appear as a peculiar shield-like organ on the luemal side of the 
lophophore. These lobes have been compared by Dr Allman 
with the mantle-lobes of the Lamellibranchiata ; and according 
to the most recent researches, the whole shield-like organ is a 
specially modified zooid, and in no way corresponds with the 
“ epistome” of the Phylactolcemata, 

Divisions of the Polyzoa. — According to the classification 
proposed by Nitsche, and now generally adopted, the Polyzoa 
are divided into the two primary sections of the Efitoprocta and 
the Ectoprocta, to which a third must be added, in accordance 
with the views of Dr Allman, under the name of Aspidop/iora, 
for the reception of the anomalous Rhabdopleura, The follow- 
ing are the principal groups of the Polyzoa : — 

A. Ectoprocta. 

Mouth within the circle of tentacles ; anus dorsal and outside the ten- 
tacular circle ; lophophore crescentic or circular. 

Sub-order I. Phylactolccmata. 
tt 11 II. Gyninolccmata. 
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B. Entoprocta. 

Mouth and anus both within the circle of tentacles ; lophophore horse- 
shoe-shaped. Tentacles solid and non-retractile, filled, like the body- 
cavity, with parenchyma. Pxtocyst not calcified. This division includes 
the marine Pedicellina and Loxosoma^ and the fresh- water Urnatella, 
Loxosoma is semiparasitic, and is attached to the bodies of Gephyreans 
and other marine animals. 


C. Aspidophora. 

This division includes only the singular marine genus Rhabdopletira^ in 
which the lophophore is crescentic, and carries a discontinuous series of 
tentacles ; the mouth is lateral rather than terminal ; a special shield-like 
organ is attached to the body of the lophophore, between the mouth and 
the anus ; the coenoecium is chitinous and tubular, and is supported by a 
correspondingly divided chitinous rod, attached superiorly to a fleshy con- 
tractile cord, which is in turn connected with the body of the polypites ; 
and, lastly, the endocyst and tentacular sheath are wanting. 

Of the above divisions of the Polyzoa^ the two most important groups 
are those of the Phylactohemaia and GyimiohcTuata, In the former of 
these are included almost all the fresh- water Polyzoa^ and the lophophore 
is bilateral and horse-shoe-shaped in all except Frcdericdla. The division 
of the Gymnohcmaiay on the other hand, includes the fresh-water genera 
Paludicella and Urnaiellay and the vast majority of the marine Polyzoa, 
Of these latter, the sub-order of the Cheilostomata is the most important, 
as embracing the greater niunber of the common forms. In these, the 
opening of the cell is sub-terminal, and is generally closed by a movable 
lip or shutter. On the other hand, in the sub-order Cyclosttmiata^ the cells 
are tubular, the orifices terminal, of the same diameter as the cell itself, 
and without any movable ajjparatus for closure. Lastly, in the singular 
group of the Ctenosfomata (including Vesicidaria^ Alcyonidin/n^ and Val- 
kerid)^ the cells arise from a common tube, and their mouths are terminal, 
and furnished wdth a setose fringe for their closure. 

Affinities of the Polyzoa. — By many zoologists the Poly- 
zoa are now regarded as being an anomalous class of Worms, 
closely related to the true AiineUdes, That there are points of 
relationship between these apparently diverse groups cannot 
be doubted ; but these do not seem sufficient to outweigh the 
points of divergence — such, for example, as the absence of seg- 
mentation in the former, and the totally different form of the 
nervous system. The Polyzoa have also striking affinities with 
the Brachiopoda and Tunicata, and even with some of the Mol- 
lusca proper ; and it has not, therefore, appeared advisable to 
remove them to the division of the Anarthropoda, 

Distribution of Polyzoa in Space. — The Polyzoa^ like all 
the Molluscolda, ^are exclusively aquatic in their habits, but 
unlike the remaining two classes, they are not exclusively con- 
fined to the sea. The marine Polyzoa are of almost universal 
occurrence in all seas. The fresh-water Polyzoa, however, not 
only differ materially from their marine brethren in structure. 
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but appear to have a much more limited range, being, as far as 
is yet known, principally characteristic of the north temperate 
zone. Britain can claim the great majority of the described 
species of fresh-water Polyzoa, but this is probably due to the 
more careful scrutiny to which this country has been subjected. 
Fresh -water Polyzoa have also been found in the southern 
hemisphere, in Australia and India. 

Distribution of Polyzoa in Time. — The Polyzoa have 
left abundant traces of their past existence in the stratified 
series, commencing in the Lower Silurian rocks and extend- 
ing up to the present day. The Oldhamia of the Cambrian 
rocks of Ireland, and the Graptolites^ have been supposed to 
belong to the Polyzoa ; but the former is very possibly a plant, 
and the latter should be referred to the Hydrozoa, Of un- 
doubted Polyzoa^ the marine orders of the Cheilostofuata and 
Cyclostomata are alone known with certainty to be represented. 
Several Palaeozoic genera — such as Fenestella (the Lace-coral), 
Ptilodictya, Ptilopora^ &c. — are exclusively confined to this 
epoch, and do not extend into the Secondary rocks. Amongst 
the Mesozoic formations, the Chalk is especially rich in Poly- 
zoa, over two hundred species having been already described 
from this horizon alone. In the Tertiary period, the Coralline 
Crag (Pliocene) is equally conspicuous for the great number 
of the members of this class. 


CHAPTER XLII. 

TUNIC AT A, 

Class II. Tunicata (Ascldlolda). — The members of this class 
of the Mollfiscoida are defined as follows: Alimentary canal 
suspended in a double-walled sac, but not capable of protrusion 
and retraction; mouth opening into the bottom of a respiratory 
sac, whose walls are more or less completely lined by a ndjvork of 
blood-vessels ” (Allman). Animal simple or composite. An im- 
perfect heart in the form of a simple tube open at both ends. Sexes 
mostly united ; a metamorphosis in dezfelopment. 

The Tunicaries are all marine, and are protected by a lea- 
thery, elastic integument, which takes the place of a shell. In 
appearance a solitary Ascidian (fig. 200, C) may be compared 
to a double-necked jar with two prominent apertures situated 
close to one another at the free extremity of the animal, one 
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of these being an ingestive and branchial aperture, whilst the 
other serves as an excretory aperture. The covering of an 
Ascidian is composed of two layers. Of these the outer is 



Fig. 200. — Morphology of Tunicata, A, Diagram of the structure of a simple Tuni- 
cate : t 'lest ; t' Second muscular tunic ; s liranchial sac ; b Branchial aperture ; a 
Atrial aperture ; c Atrium ; 0 Opening of the gullet ; g Stomach, leading into the 
intestine; «« Anal aperture ; n Nerve-ganglion. B, Botrydus smaragdus — a small 
portion of a colony of the natural size, and a single system of the same enlarged ; co 
Common atrial aperture ; br Branchial aperture of one of the zooids. C, Molgula 
Man/tattensis, a simple Ascidian. The arrows in A and C show the direction of the 
water-current.s. 


called the “external tunic,” or “test,” and is distinguished by 
its generally coriaceous or cartilaginous consistence. It is also 
remarkable for containing a substance which gives the same 
chemical reactions as cellulose, and is probably identical 
with this characteristic vegetable product. Sometimes it con- 
tains spicules or plates of calcareous matter. The test is lined 
by a second coat, which is termed the “second tunic,” or 
“ mantle,” and which is mainly composed of longitudinal and 
circular muscular fibres. By means of these the animal is en- 
dowed with great contractility, and has the power of ejecting 
water from its branchial aperture with considerable force. 
The mantle lines the test, but is only slightly and loosely at- 
tached to it, especially near the apertures. The ingestive or 
branchial aperture (fig. 200, A, b) is generally surrounded by a 
circlet of small, non-ciliated, non-retractile tentacles, and opens 
into a large chamber (fig. 200, A, s), which usually occupies 
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the greater part of the cavity of the mantle, and has its walls 
perforated by numerous apertures. This is known variously 
as the “pharynx,’* the “respiratory sac,” or the “branchial 
sac.” The last of these names is the best, as it is not certain 
that the perforated respiratory sac is really the homologue of 
the pharynx. If this should be its real nature, then the bran- 
chial opening in the test is truly the mouth ; but good authori- 
ties regard the branchial sac as wholly unconnected with the 
alimentary canal. Inferiorly the respiratory sac leads, by a 
second aperture (fig. 200, A, o)j into an oesophagus, which 
conducts into a capacious stomach {g). If the branchial sac 
be regarded as not representing a dilated pharynx, then its 
lower aperture is the true mouth. 

From the stomach an intestine is continued, generally with 
few flexures, to the anal aperture (rtf//), which does not com- 
municate directly with the exterior, but opens into the bottom 
of a second chamber, which is called the “ cloaca,” or “ atrium ” 
Superiorly the cloaca communicates with the external 
medium, by means of the second aperture in the test {a). The 
first bend of the intestine is such that, if continued, it would 
bring the anus on the opposite side of the mouth to that on 
which the nervous ganglion is situated. The intestine, there- 
fore, is said to have a “haemal flexure;” whereas the flexure in 
the case of the Polyzoa is “neural.” The intestine, however, 
in the Tunicata does not preserve this primary haemal flexure, 
but is again bent to the neural side of the body, the nervous 
ganglion coming finally to be situated between the mouth and 
the rectum. As just stated, the anus is not in direct com- 
munication wtth the exterior, but opens into a large cavity, 
called the “ cloaca,” or “ atrial chamber,” which, in turn, opens 
externally by the second aperture of the animal. This cloaca 
is a large sac lined by a membrane which “ is reflected like a 
serous sac on the viscera, and constitutes the ‘ third tunic,’ or 
‘peritoneum.’” From the cloaca “it is reflected over both 
sides of the pharynx” (respiratory sac), “extending towards 
its dorsal part very nearly as far as that structure which has 
been termed the ‘ endostyle.’ It then passes from the sides of 
the pharynx to the body-walls, on which the right and left 
lamellae become continuous, so as to form the lining of the 
chamber into which the second aperture leads, or the ‘ atrial 
chamber.’ Posteriorly, or at the opposite end of the atrial 
chamber to its aperture, its lining membrane (the ‘atrial 
tunic ’) is reflected to a greater or less extent over the intestine 
and circulatory organs. . . . Where the ‘ atrial tunic ’ is 

reflected over the sides of the pharynx, the two enter into a 
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more or less complete union, and the surfaces of contact be- 
come perforated by larger or smaller, more or less numerous, 
apertures. Thus the cavity of the pharynx acquires a free 
communication with that of the atrium ; and as the margins of 
the pharyngo-atrial apertures are fringed with cilia working to- 
wards the interior of the body, a current is produced, which 
sets in at the oral aperture and out by the atrial opening, and 
may be readily observed in a living Ascidian” (Huxley). 

As regards some points in the above description. Professor 
Allman does not agree with Huxley, but believes, on tlie other 
hand, ‘‘ that the walls of the atrium simply surround the 
branchial sac, without being reflected on its sides, and that 
the branchial sac is therefore properly within the cavity of the 
atrium.'' 

In structure, the “ branchial " sac is composed of a series of 
longitudinal and transverse bars, which cross each other at 
right angles, and thus give rise to a series of quadrangular 
meshes, the margins of which are fringed with vibratile cilia. 
These bars are hollow, and are really vessels, which open on 
each side into two main longitudinal sinuses, the so-called 
“ branchial or thoracic sinuses — one of which is placed 
along the haemal side of the sac, whilst the other runs along 
its neural aspect. The function of the entire perforated sac 
is clearly respiratory. 

The Tunicata mostly possess a distinct heart, consisting of 
a simple muscular tube, which is open at both ends, and is 
not provided with valves. The circulation is attended with 
the remarkable peculiarity of being periodically reversed, the 
blood being propelled in one direction for a certain number 
of contractions, and being then driven for a like period in an 
opposite direction \ “ so that the two ends of the heart are 
alternately arterial and venous." 

The nervous system consists of a single ganglion placed on 
one side of the oral aperture, between it and the anus, in all 
known Tunicata, except in the aberrant form Appendicularia, 

The only organs of sense are pigment-spots, or ocelli, usually 
placed between the oral tentacles, and an auditory capsule, 
sometimes containing an otolith. These organs, however, are 
not constantly present. 

With the exception of Doliolum and Appendicu/aria, all the 
Tunicata are hermaphrodite. Mr Saville Kent, however, is of 
opinion that Appendicularia is the free reproductive zooid of 
an Ascidian, bearing to the adult the same relation that the 
Medusae do to the Hydroid colony. The reproductive organs 
are situated in the fold of the intestine, and their efferent duct 
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opens into the atrium. The embryo Tunicate (fig. 201, A and 
C) is at first generally free, and is mostly shaped like the tad- 
pole of a frog, swimming by means of a long caudal appendage. 
In one species {MolgtUa tidmlosa) the larval form is destitute of 
a tail, inactive, and amoeboid, and it almost immediately at- 
taches itself by means of little outward processes which it de- 
velops. Several other species of Molgiila are also destitute of 
a tail when in the embryo condition ; but the embryos of those 
species of the genus whicli are fixed in the adult state appear 
to be provided with a caudal appendage. Lastly, the larval 
caudal appendage has been shown to exhibit a cylindrical rod- 
like body, which has been paralleled with the chorda dorsalis 
of Vertebrates. The body in question (fig. 200, A) is a kind of 
cellular rod, which agrees with the notochord of Vertebrates in 
giving insertion by its sheath to muscles, and which is said to 
hold an analogous position to the nervous system. In many 
cases, also, the caudal appendage exhibits in addition diverging 
rays, which have been compared with the rays of the tails of 
young fishes. 

It is impossible here to enter minutely into the structures which compose 
the larval Tunicate, the relations of these structures to one another and 
to the larva as a whole, or their precise homological import. Such im- 
portant theoretical conclusions have, however, been based upon the inter- 
pretation of these structures, that a few words may be directed to this 
point. 

According to the researches of Kowalewsky and Kupfier, the larval 
Tunicate differs from the Invertebrata generally, and agrees with the Vei’tc- 
brata in the fact that the embryo is bicavitary, the nervous system being 
developed in a dorsal cavity, quite separate from the cavity in which the 
viscera generally are formed. The axial structures of the tail, as described 
by the same observers, are stated to commence as a double row of quad- 
rate cells, surrounded by oval muscle-cells, and projecting slightly into the 
body of the larva, having the visceral canal below, and the neural canal 
above. When complete, the axis of the tail is said to consist of a carti- 
laginous elastic axial rod, surrounded by a cellular envelope. According, 
then, to the views of the observers just mentioned, the axial rod of the 
tail of the larval Tunicate is the precise equivalent of the “chorda dor- 
salis ” of vertebrate animals, seeing that it is dorsal in position, and that 
it is intermediate between the neural and visceral cavities. The perforated 
branchial sac being, further, regarded as a development of the anterior 
portion of the alimentary canal, is an additional support to this view ; as 
it can be compared with the dilated and perforated pharynx of the Lance- 
let {Amphioxus) the lowest of the Fishes. 

The views sketched out above, though accepted and endorsed by many 
hi^h authorities, have not been allowed to pass without question. The 
opinions originally put forward by Kowalewsky as to the essential identity 
of the developmental processes of the Tunicates and the Vertebrates have 
been attacked, and many of the most important of his alleged facts have 
been denied by such well-known authorities as Meeznikow, Donitz, Giard, 
Von Baer, and Reichert. Without entering into this controversy further, 
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it will be sufficient to enumerate the more important points which the 
researches of the observers just mentioned would seem to render more 
or less probable ; — 

I. The axial rod of the larval Ascidian is ventral in position, and can- 
not, therefore, be homologically compared with the “chorda dorsalis” of 
the Vertebrate embryo. (Von Baer.) 


ti 



Fig. 201. — Development of Tunica ia. A, Larva oi Boiry Hits greatly mag- 

nified ; a Processes for attachment ; b Mass of primitive cells from which the diges- 
tive organs are developed ; c Circlet of eight cellular outgrowths ; d Eye-spot : c 
Entrance to the branchial sac ; /'I'he external structureless “ test ; ’* g Large nucle- 
ated cells forming the sheath of the central axis (eight rows of these cells are pres- 
ent). B, A poruon of the tail, highly magnified ; h Central axis (yand gy as be- 
fore). C, Another larva of the same, viewed from^ the side, and highly magnified, 
showing the superior and inferior fin-like prolongations /) of the “ test,” with ray- 
like stris (the other letters as ^fore). D, Diagrammatic cross-section of the tail, 
showing the position of the fins (/ /), and the relations to one another of the central 
axis (A), the intermediate cellular ^eath {g)t and the external structureless test (/)• 
(After Reichert.) 

2. The embryo of the Tunicates is not really bicavitary, and the nervous 
system is not developed in a chamber separate from and lying above the 
visceral cavity. (Donitz, Reichert.) 

3. The nerve-ganglion of the Tunicates is placed upon the ventral sur- 
face of the larva, and does not, therefore, correspond with the cerebro- 
spinal nervous system of the Vertebrates, (Von Baer.) 

4. The tail of the larval Ascidian is a purely provisional organ. 

5. The axial structures of the tail (fig. 201, A, B, and D) consist of a 

2 B 
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central homogeneous, structureless, and elastic rod, surrounded by a 
sheath of large nucleated cells, and the former is not primitively composed 
of cells. (Reichert.) 

6. The perforated branchial sac is not a dilated pharynx, but appears to 
correspond rather with the branchial chamber of tlie LavielUbranchiata. 

From the above, therefore, the general conclusion may safely be^ drawn, 
that we are not at present in a position to give a dogmatic account as to 
even the most important phenomena in the development of the Tunicates. 
We may further conclude that the view that the development of the Tuni- 
cates is fundamentally identical with that of the Vertebrata is as yet not to 
be regarded as scientifically proved. 

Amongst the Salpians a species of alternation of genera- 
tions has been observed. A solitary Salpian produces long 
chains of embryos, which remain organically connected 
throughout their entire life. Each individual of these asso- 
ciated specimens produces solitary young, which are often very 
unlike their parents, and these again give rise to the aggre- 
gated forms.* 

The Tujiicaia are often spoken of as exhibiting three main 
types of structure, which give origin to as many sections, 
known respectively as the solitary^ the social^ and the co 7 npound 
forms. In the solitary ” Tunicaries (fig. 200, C), the indi- 
viduals, however produced, remain entirely distinct, or, if not 
so primitively, they become so. In the social Ascidians, 
the organism consists of a number of zooids, each like a soli- 
tary Ascidian, produced by gemmation and permanently con- 
nected together by a vascular canal, or “ stolon,^* composed of 
a prolongation of the common tunic, through which the blood 
circulates. Finally, in the “compound” forms (fig. 200, B) 
the zooids become aggregated into a common mass, their tests 
being fused together, but there being no internal union. The 
Botrylli, which are familiar examples of the compound Tuni- 
cates, form semi-transparent masses, often of brilliant colours, 
attached to various submarine objects, and consisting of 
numerous zooids arranged in star-shaped groups. They are 
almost always “very small, soft, irritable, and contractile, 
changing their form with the slightest movement” (Stark). 
The atrial apertures of all the zooids of each stellate system 
open into a common central cloaca (fig. 200, B.) 

Homologies of the Tunicata.— The general resemblance between 

* These cases have been, however, otherwise explained, and asserted to 
be an abnormal mode of sexual reproduction, the solitary and chained in- 
dividuals not being the offspring of each other, but being the older and 
younger progeny of the same parent. 
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a solitary Ascidian and a single polypide of a Polyzom is extremely 
obvious ; each consisting of a double-walled sac, containing a freely sus- 
]3ended alimentary canal, with a distinct mouth and anus, and a nervous 
ganglion placed between the two. The chief feature in the 7 'unicata, as 
to the exact nature of which there is much difference of opinion, is the 
branchial or respiratory sac. By Professor Allman this is believed to be 
truly homologous with the tentacular crown of the Polyzoa^ and the oral 
tentacles of the Tunicaries arc believed to be something superadded, and 
not represented at all in the Polyzoa. By Professor Huxley, on the other 
hand, and by many other authorities, the branchial sac is looked upon as 
an enormously developed pharynx, and the oral tentacles are regarded as 
a rudimentary representative of the tentacular crown of the Polyzoa. Pro- 
bably the most correct view of the homologies of the Tunicata is taken by 
Rolleston, who regards the “branchial sac ” as the homologue of the gills 
of the ordinary Bivalve Molluscs {Lamellibranchiata)^ whilst the oral and 
atrial apertures are looked upon as corresponding to the respiratory aper- 
tures of these same animals. 

Upon the whole, the systematic position of the Tunicata must be looked 
upon as still unsettled ; though they are generally referred either to the 
MoUtisca or to the “Worms.” A few naturalists regard them either as 
a special group intermediate between “ Vermes*^ and Vertebrata^ or as 
actually belonging to the latter sub-kingdom. 


Distribution of the Tunicata in Space and Time. — 
The Tunicaries are exclusively marine in their distribution, 
and are principally littoral and shallow-water forms, though 
some are found at considerable depths, and many are pelagic 
in habit. The singular Salpidce have the branchial and atrial 
apertures placed at opposite ends of the body, and are found 
swimming in the open sea, often in immense shoals. The 
AppetidicidaritB, with their permanent larval tails, are likewise 
oceanic, as is the cask-shaped Doliolum. Lastly, in Fyrosoma^ 
we have a singular compound oceanic Tunicate, in which the 
numerous zooids form a tubular colony, which is propelled 
through the water by the united excurrent respiratory jets 
of its component members. Like the Salpians, it is brilliantly 
phosphorescent. 

On the other hand, the more typical Tunicates are found 
attached to all kinds of submarine objects, or (as in Felonaia) 
embedded in mud. 

During the Challenger expedition,” some singular deep- 
sea Tunicates were obtained, and have been since described 
by Mr Moseley. One of these {Hypobyihius) was found in 
the Pacific, at a depth of nearly 3000 fathoms, attached to 
foreign objects by a peduncle. Its test is hyaline and trans- 
parent, and is strengthened by symmetrically disposed cartilagin- 
ous plates. Octaaiemus, dredged at over 1000 fathoms, is also 
hyaline and transparent, with a short stalk, but it possesses 
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eight long radiating processes, which give it a stellate appear- 
ance ; and the branchial sac is so flattened as to become 
nearly horizontal. 

No Tunicates are known with certainty to have been pre- 
served in the fossil condition, but the singular Silurian genus 
Pasceolus has been doubtfully referred to this class. 


CHAPTER XLIII. 

B^ACHIOPODA. 

Class III. Brachiopoda [Palliobranchiata), — The members 
of this class are defined by the possession of a body protected 
by a bivalve shelly which is lined by an expansion of the integ- 
ument^ or ^^mantleP The mouth is furnished with tivo long 
cirriferous arms. The nervous system consists of a single gan- 
glion^ placed in the re-entering angle between the gullet and the 
rectumy so that the intestine has a neural flexureP 

The Brachiopoda are essentially very similar in structure to 
the Polyzoa, from which they are distinguished by the fact that 
they are never composite, and by the possession of a bivalve, 
calcareous, or sub-calcareous shell. They are commonly known 
as “ Lamp-shells,” and are all inhabitants of the sea. All the 
living forms, except Lingula pyramidata, are fixed to some 
solid object in their adult condition; but there is good reason 
to believe that many of the fossil forms were unattached and 
free in their fully grown condition. From the presence of a 
bivalve shell, the Brachiopods have often been placed near the 
true bivalve Mollusca (the Lamellibranchiatd)^ but their organi- 
sation is very much inferior, and there are also sufficient dif- 
ferences in the shell to justify their separation. 

The two valves of the shell of any Brachiopod (figs. 202, 
204) are articulated together by an apparatus of teeth and 
sockets, or are kept in apposition by muscular action alone. 
One of the valves is always slightly, sometimes greatly, larger 
than the other, so that the shell is said to be “ inequivalve.” 
As regards the contained animal, the position of the valves is 
anterior and posterior, so that they are therefore termed re- 
spectively the ** ventral ” and ** dorsal ” valves. In the ordi- 
nary bivalve Mollusca {Lamellibranchiata\ on the other hand, 
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the two valves of the shell are usually of the same size 
(equivalve), and they are situated upon the sides of the 
animal ; so that, instead of being dorsal and ventral, they are 
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Fig. 202. — K^hynchfluella suicntn. A, Profile view. B, View ot ihe dorsal surface. 
C, View of the base, a Ventral valve ; b Dorsal valve Base ; c Beak ; h Foramen. 
Lower Cretaceous. 


now termed “right’* and “left” valves. The ventral valve 
in the shell of the Brachiopoda is usually the largest, and 
usually possesses a prominent curved beak. The beak (figs. 
202, 204) is often perforated by a “foramen,” or terminal 
aperture, through which there is transmitted a muscular 
peduncle, whereby the shell is attached to some foreign 
object. In some cases, however (as in Lmgula, fig. 203), the 
peduncle simply passes between the apices of the valves, and 
there is no foramen ; whilst in others (as in Cra?iia, fig. 203, 
D) the shell is merely attached by the substance of the ven- 
tral valve. The dorsal or smaller valve is always free, and is 
never perforated by a foramen. 


In intimate structure, the .shell of most of the Brachiopoda consists “of 
flattened prisms, of considerable length, arranged parallel to one another 
with great regularity, and at a very acute angle — usually only about io“ 
or 1 2 ° —with the surfaces of the shell” (Carpenter). In most cases, also, 
the shell is perforated by a series of minute canals, which pass from one 
surface of the shell to the other, in a more or less vertical direction, 
u.sually widening as they approach the external suiface. These canals 
give the shells a “punctated” structure, and in the living animal they 
contain caecal tubuli, or prolongations, from the mantle, which are con- 
sidered by Huxley as analogous to the vascular processes by which in 
many Ascidians the muscular tunic, or “mantle,” is attached to the outer 
tunic, or “test.” In some of the Brachiopoda (as in the Rhyne honellidvc) 
the shell is “ impunctate,” or is devoid of this singular canal system. 

Though characteristically calcareous, the shell of the Brachiopoda may 
sometimes be largely composed of horny matter (as in Discina) \ or the 
carbonate of lime in the horny shell may be almost wholly replaced by 
phosphate (as in Lingula), 
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The inner surface of the valves of the shell is lined by ex- 
pansions of the integument which secrete the shell, and are 
called the ** lobes of the pallium,” or “ mantle.” The diges- 



Fig. 203. — Morphology of Brachiopoda. A, Lingula pyramidata (after Morse): / 
Peduncle ; .v Sand-tube, encasing base of peduncle. B, Lingula anatina (after 
Cuvier); p The peduncle. C, IVald/teiutia cranium, with adherent young, attached 
to a stone (after Ihividson): p Peduncle; 7/ Ventral valve; d Dorsal valve. D, 
Crania Ignabergensis, attached by it.s ventral valve to a piece of coral (Chalk). 


tive organs and muscles occupy a small space near the beak 
of the shell, which is partitioned off by a membranous septum, 
which is perforated by the aperture of the mouth. The re- 
mainder of the cavity of the shell is almost filled by two long 
oral processes, which are termed the “arms,” and from which 
the name of the class has been derived (fig. 204, D). These 
organs are lateral tubular prolongations of the margins of the 
mouth, usually of great length, closely coiled up, and fringed on 
one side with ciliated lateral processes, or “cirri.” In many 
Brachiopods the arms are supported upon a more or less com- 
plicated internal calcareous framework or skeleton, which is 
sometimes called the “ carriage-spring apparatus,” and whicli 
in many extinct forms is coiled into a shelly spiral. 

The mouth conducts by an oesophagus into a distinct 
stomach, surrounded by a well-developed granular liver. The 
intestine has a “neural flexure,” and “either ends blindly in 
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the middle line, or else terminates in a distinct anus between 
the pallial lobes (Huxley). 

Within the pallial lobes there is a remarkable system of 



Ki^i, 204. — Tcrcbmtula{\Valdheimia)flavcscem. A, The shell viewed from behind, 
showing the dorsal valve, and the perforated summit of the ventral valve above it. H, 
Inner view of tlio dorsal valve, showing the shelly loop (/) which supports the spiral 
arms. C, Inner view' of the ventral valve, showing the foramen or aperture {/) in 
the beak, through which the muscul.ar stalk of attachment passes. IJ, Longitudinal 
and vertical section of the animal, showing the spiral arms (o), the stomach (j), and 
the liver (//). At yis the opening in the beak, with the stalk of attachment (/) pass- 
ing through it. (After Davidson and Ow’eii.) Some details have been omitted in 
figs, II, C, and D, for the sake of clearness. 


more or less branched excretory tubes, anastomosing with one 
another, and ending in caecal extremities. This, which has 
been termed by Huxley the “atrial system,” communicates 
with the perivisceral cavity by means of two or four organs 
which are called “ pseudo-hearts,” and which were at one time 
supposed to be true hearts, but which are now known to be 
connected with reproduction. 

Each pseudo-heart is divided into a narrow, elongated, external por- 
tion (the so-called ‘ventricle’), which communicates, as Dr Hancock has 
proved, by a small apical aperture, with the pallial cavity ; and a broad, 
funnel-shaped, inner division (the so-called ‘ auricle ') communicating, on 
the one hand, by a constricted neck, with the so-called ‘ ventricle ; ’ and, 
on the other, by a wide patent mouth, with a chamber which occupies most 


392 


MANUAL OF ZOOLOGY. 


of the cavity of the body proper, and sends more or less branched diver- 
ticula into the pallial lobes ” (Huxley). This system of the atrial canals 
has been looked upon as a rudimentary respiratory apparatus ; but its 
function is more probably to act as an excretory organ, and it certainly 
serves also to convey away the reproductive elements, the organs for which 
are developed in various parts of its walls. By Rolleston the pseudo-hearts 
are looked upon as corresponding with the so-called “organ of Bojanus” 
of the Lamcllibranckiata, 

The function of respiration is probably performed, mainly, 
if not entirely, by the cirriferous oral arms, as it appears chiefly 
to be by the homologous tentacular crown of the Polyzoa. A 



Fig. ao5.— Development of Terchratulina septentrionalis (after Morse). A, Ciliated 
embryo. B, More advanced embryo, showing commencing segmentation and a rndi- 
mentary peduncle (/). C, 1), E, F, Further stages of the .same embryo. G, Advanced 
embryo, with a very long peduncle (^), and a circular oral crown of cirri (r). H, 
Interior of dorsal valve, showing the circular crown of cirri, and the intestine (/). I, 
Another larva, at the same stage, having the valves opened, and viewed from one 
side. J, Part of a larva still further advanced, showing the now horse-shoe-shaped 
crown of cirri ; p Peduncle ; v Ventral valve of shell ; d Dorsal valve ; c Crown of 
oral cirri; i Intestine; s Setae .springing from the edge of the mantle; I Loop of 
dorsal valve. (All the figures are highly magnified.) 


unilocular heart is present in some, but apparently not in all, 
of the Brachiopoda ; and the circulation seems to be mainly 
carried on through the interstices between the tissues. 

The nervous system consists of a principal ganglion of no 
great size, placed in the re-entering angle between the gullet 
and the rectum. In those Brachiopods in which the valves of 
the shell are united by a hinge, the nervous system attains a 



MOLLUSCA : BRAGIIIOPODA. 393 

greater development, and consists of a gangliated oesophageal 
collar. 

The sexes in the Brachiopoda appear to be ordinarily distinct, but in 
some forms they are asserted to be united in the same individual. As 
regards the process of development in the class, we may take as a type 
Terebratulina septentrionalis^ the metamorphoses of which have been most 
ably worked out by Professor Morse. In this form, the earliest embryo is 
a ciliated planula (fig. 205, A), which swims about actively, and soon (B) 
exhibits a division into three regions or segments, which rapidly become 
more conspicuous (C). Of these segments, the most inferior ( p) becomes the 
future peduncle, and serves to attach the embryo to some foreign body (D). 
The middle segment then enlarges, and partially encloses the anterior seg- 
ment (E and F), the latter ultimately being withdrawn entirely within the 
former, which becomes converted into the shell-secreting pallial lobes. Next 
the arms begin to bud out of the sides of the mouth (G), forming at first 
a circular crown of cirri (r), which forcibly calls to mind the orbicular 
lophophore of the Gymnolaematous Polyzoa. The peduncle, at first long 
(as in Lingula)^ becomes rapidly shorter (I), and the oral crown of tentacles 
becomes distinctly horse-shoe-shaped (J), thus strikingly resembling the 
similarly-shaped lophophore of the “ Hippocrepian ” Polyzoa, The cir- 
rated ** arms ” of the adult are finally produced by the growth and devel- 
opment of the free end of the horse-shoe. 

Affinities of the Brachiopoda. — Great differences of opinion exist 
at the present day as to the affinities and precise systematic position of the 
Brachiopoda ; but it is impossible to do more here than merely point out 
these differences. The relationship of the Brachiopods to the Polyzoa is 
admitted on all hands to be very close ; and we may regard the encrusting 
members of the latter class as being “communities of Brachiopods, the 
valves of which are continuous and soldered together, the flat valve form- 
ing the united floor, whilst the convex valve does not cover the ventral 
valve, but leaves an opening more or less ornamented for the extension 
of the lophophore ” (A. Agassiz). Until recently, most naturalists have 
held that both these groups had strongly-marked relationships with the 
Lamellibranchiata^ and many still adhere to this view. On the other hand, 
the view has been gaining ground, that these groups are to be regarded as 
comprising modified worms, and they are often placed in the immediate 
neighbourhood of the Annelida. The chief grounds for this view are to be 
found in the similarity of the development of the Polyzoans and Brachio- 
pods to that of the Annelides, as shewn by the elaborate researches of 
Morse and Kowalewsky. Apart from embryological likeness, one of the 
most striking links between the Brachiopods and the Annelides is the 
aberrant Lingula pyramidata — the genus Lingula being itself an aberrant 
type. This curious form (fig. 203, A), as described by Morse, differs 
from its congeners in not being fixed, but in living free in the sand. Its 
peduncle is long and wormlike, hollow, and highly contractile, and its 
lower end is encased in a sand-tube, resembling that of a Tubicolous An- 
nelide. Whilst it must be freely admitted that the affinities between the 
Brachiopoda and the Annelides are much closer than any outward resem- 
blance between the two would lead us to expect, a sufficient case for the 
removal of the former from the Mollusca has hardly been made out, except in 
the view of those who place a supreme value upon embryological characters 
in classification. 

Divisions of the Brachiopoda.— The Brachiopoda may be divided 
into the two orders of the Inarticulata (or Trctenierata) and the Articulata 
(or Clistentef\Ua), 
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In the first of these orders {Inarticulaia)^ the valves of the shell are not 
united along the hinge-line, the mantle-lobes are completely free, and the 
intestine terminates in a distinct anus. In this division are included the * 
three families of the CraniadiS, Discinida, and Lingtilidce — all very ancient, 
and all represented at the present day by living forms— together with the 
Silurian family of the Trimerellida:, 

In the second order {Articulata\ the valves of the shell are united by 
teeth along the hinge-line, the lobes of the mantle are not completely free, 
and the intestine ends blindly. In this division are included the living 
families of the Terebratulidip^ RhynchonellidiSf and the Thecidiida^ and the 
extinct families of the Spiriferida^ PentameridiEy Strophomenidcc^ and Pro- 
ductida. In the first two of these families the arms are supported upon a 
shelly loop, of variable shape and size (fig. 204, B) ; whilst in some of the 
extinct Rhynchondlida and in the Spirifirida, the arms were supported by 
large spirally-coiled calcareous lamellae (fig. 206). 



Fig. Spit if era hyyterica, from the Carboniferous Limestone. The right-hand 

figure shows the interior of the dorsal valve, with the calcareous spires for the .sup- 
port of the arms. 

Distribution of Erachiopoda in Space. — All the known 
Byachiopods live in the sea, and though very local in their 
distribution, tlicy may be said to have a very wide range. 
Though sometimes found between tide - marks, and more 
commonly in comparatively shallow water, they are essentially 
deep-water forms, living most generally in depths of from 100 
to 500 fathoms. A few forms have been found at depths of 
from 2000 to over 2500 fathoms. About 100 species of living 
Brachiopods are known. 

Distribution of Erachiopoda in Time. — The Brachio- 
poda are found from the Cambrian Rocks up to the present 
day, and present us with an example of a group which appears 
to be slowly dying out. Nearly four thousand extinct species 
have been described, and the class appears to have attained 
its maximum in the Silurian epoch, which is, for this reason, 
sometimes called the *‘Age of Brachiopods.'* Numerous 
genera and species are found also in both the Devonian and 
Carboniferous formations. In the Secondary Rocks Brachio- 
poda are still abundant, though less so than in the Palaeozoic 
period. In the Tertiary epoch a still further diminution takes 
place, and at the present day we are not acquainted with more 
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than a hundred living forms. Of the families of Brachiopoda^ 
the ProductidcB, StrophomenidcB, and Spiriferidce are the more 
important extinct types. Of the genera, the most persistent 
is the genus Lingula^ which commences in the Cambrian 
Rocks, and has maintained its place up to the present day, 
though it appears to be gradually dying out. 

According to Woodward : — The hingeless genera attained 
their maximum in the Palaeozoic age, and only three now sur- 
vive {Lingula, Discina, Crania) — the representatives of as many 
distinct families. Of the genera with articulated valves, those 
provided with spiral arms appeared first, and attained their 
maximum while the Terebratulidee were still few in number. 
The subdivision with calcareous spires disappeared with the 
Liassic period, whereas the genus Rhynchofiella still exists. 
Lastly, the typical group, Terebraiulida, attained its maximum 
in the Chalk period, and is scarcely yet on the decline.” 

Of the families of the Brachiopoda, the ProductidcB and 
StropJiomenidm are exclusively Palrcozoic, The Spiriferidee 
are mainly Palaeozoic, but extend into the Lias, where they 
finally disappear. The UngidUhe commence in the Cambrian 
l)eriod, and have survived to the present day. The Phynrho- 
nellidce, Crania dec, and Discinidcc commence in the Silurian 
period, and are represented by living forms in existing seas. 
'Fhe Thecidiidee extend from the Trias to the present day ; and 
the Terebratulidce appear to commence in the Upper Silurian, 
and are well represented by living forms. 
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CHAPTER XLIV. 

LA MELLIBRANCHIA TA. 

Division II. Mollusca Proper. — This division includes those 
members of the sub-kingdom Mollusca in which the nervous 
system cofisists of three principal pairs of ganglia ; and there is 
ahvays a ivell^eveloped hearty which is 7ia>er composed of fewer 
than two chambers. 

The Mollusca proper may be roughly divided into two great 
sections, respectively termed the Acephala and the Encephala 
(or Cephalophora\ characterised by the absence or presence of 
a distinctly differentiated head. The headless, or Acephalous, 
Molluscs correspond to the class Lamellibranchiata ; also dis- 
tinguished, at first sight, by the possession of a bivalve shell. 
The Encephalous Molluscs are more highly organised, and are 
divided into three classes — viz., the Gasteropoda^ the Pteropoda., 
and the Cephalopoda, The shell in these three classes is of 
very various nature, but they all possess a singular and com- 
plicated series of lingual teeth ; hence they are grouped to- 
gether by Professor Huxley under the name of Odontophora, 
Class I. Lamellibranchiata, or Conchifera {Felecypoda), 
— The members of this class are characterised by the absence of 
a distinctly differentiated head., and by having the body more or 
less completely protected hi a bivalve shell. There are one or hvo 
lamellar gills on each side of the body, the intestine has a neural 
flexure, and there is no odontophore. 

The Lamellibranchiata are commonly known as the “ bivalve 
shell-fish, such as Mussels, Cockles, Oysters, Scallops, &c., 
and they are all either marine or inhabitants of fresh water. 

Though they agree with the Brachiopoda in possessing a 
shell which is composed of two pieces or valves (small acces- 
sory plates are present in Pholas, &c.), there are, nevertheless, 
many points in which the shell of a Lamellibranch is distin- 
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guished from that of a Brachiopod, irrespective of the great 
difference in the structure of the animal in each. The shell 
in the Brachiopoda^ as we have seen, is rarely or never quite 
equivalve, and always has its two sides equally developed 
(equilateral) ; whilst the valves are placed antero-posteriorly 
as regards the animal, one in front and one behind, so that 
they are “ dorsal ” and “ ventral.*’ In the Lamellibranchiata^ 
on the other hand, the two valves are ‘usually of nearly equal 
size (equivalve), and are more developed on one side than on 
the other (inequilateral) ; whilst their position as regards the 
animal is always lateral^ so that they are properly termed 
right ” and ‘‘ left ” valves, instead of “ ventral ” and “ dorsal.” 

It is to be remembered, however, that many of the Bivalves, 
such as the Oysters, habitually lie on one side, in which case 


h 



Fig. 207. — Left valve of Cytherea chione. (After Woodward.) A, Anterior margin. 
B, Posterior margin. C, Ventral margin or base ; w Umbo ; h Ligament ; I Lunule ; 
c Cardinal tooth; it Lateral teeth; a Anterior adductor; a' Posterior adductor; 
P Pallial line ; s Pallial sinus, caused by the retractor muscles of the siphons. 

the valves, though really right and left, are called “upper” and 
“ lower.” It is to be borne in mind also, that the two valves, 
especially in the attached Bivalves, may be very unsymmetrical, 
one valve being much larger or deeper than the other. Lastly, 
there are some cases (^., Pectunculus) in which the shell be- 
comes very nearly equilateral, the line drawn from the beaks 
to the base dividing the shell into two almost equal halves. 

The following are the chief points to be noticed in connection 
with the shell of any Lamellibranch (fig. 207) : Each valve of 
the shell may be regarded as essentially a hollow cone, the apex 
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of which is turned more or less to one side ; so that more of 
the shell is situated on one side of the apex than on the other. 
The apex of the valve is called the “umbo/* or “beak/’ and 
is almost always turned towards the mouth of the animal. 
Consequently, the side of the shell towards which the umbones 
are turned is the “anterior” side, and it is usually the shortest 
half of the shell. In some Bivalves, however, the beaks are 
“ reversed,** and are turned towards the posterior side of the 
shell. The longer half of the shell, from which the umbones 
turn away, is called the “posterior** side, but in some cases 
this is equal to, or even shorter than, the anterior side. The 
side of the shell where the beaks are situated, and where the 
valves are united to one another, is called the “ dorsal ** side ; 
and the opposite margin, along which the shell opens, is called 
the “ventral** side, or “base.** The Imgth of the shell is 
measured from its anterior to its posterior margin, and its 
breadth from the dorsal margin to the base. 

At the dorsal margin the valves are united to one another, 
for a shorter or longer distance, along a line which is called 
the “hinge-line.** The union is effected in most shells by 
means of a series of parts which interlock with one another 
(the “ teeth *’), but these are sometimes absent, when the shell 
is said to be “edentulous.** Posterior to the umbones, in 
most Bivalves, is another structure passing between the valves, 
which is called the “ ligament,** and which is usually composed 
of two parts, either distinct or combined with one another. 
These two parts are known as the “ external ligament ** (or the 
ligament proper) and the “ cartilage,** and they constitute the 
agency whereby the shell is opened, but one or other of them 
may be absent. The ligament proper is outside the shell, and 
consists of a band of horny fibres, passing from one valve to 
the other just behind the beaks, in such a manner that it is put 
upon the stretch when the shell is closed. The cartilage, or 
internal ligament, is lodged between the hinge-lines of the two 
valves, generally in one or more “ pits,** or in special processes 
of the shell. It consists of elastic fibres placed perpendicu- 
larly between the surfaces by which it is contained, so that they 
are necessarily shortened and compressed when the valves are 
shut. To open the shell, therefore, it is simply necessary for 
the animal to relax the muscles which are provided for the 
closure of the valves, whereupon the elastic force of the liga- 
ment and cartilage is sufficient of itself to open the shell. 

Generally the hinge-line is curved, but it is sometimes straight. 
The beaks are mostly more or less contiguous, but they may 
be removed from one another to a greater or less distance, and 
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in some anomalous forms they are not near one another at all. 
In the Arcadm the two beaks are separated from one another 


by an oval or lozenge-shaped 
flat space or area. When 
teeth are present, they differ 
much in their form and ar- 
rangement. In some forms 
(fig. 207) the teeth are divi- 
sible into three sets — one 
group of one or more teeth, 
placed immediately beneath 
the umbo, and known as the 
“cardinal teeth;'' and two 
groups on either side of the 
preceding, termed the “ lat- 
eral teeth." Sometimes there 
may be lateral teeth only; 
sometimes the cardinal teeth 
alone are present; and in 
some cases (Arcadce) there is 
a row of similar and equal 
teeth. 

The body in the Lamelli- 
branchiata is always enclosed 
in an expansion of the dorsal 
integument, which constitutes 
the “ mantle," or “ pallium," 
whereby the shell is secreted. 
The lobes of the mantle are 
right and left, and not ante- 
rior and posterior as are the 
mantle-lobes of the Brachio- 
poda. Towards its circumfer- 
ence the mantle is more or 
less completely united to the 
shell, leaving in its interior, 



when the soft parts are re- pig. aoS.-Anatomy of a bivalve Mollusc 
moved, a more or less dis- XMya arcnaria). The left valve and 

.• • j 1* 1 • 1 manllc-lobe and half the siphons are re- 

tinctly impressed line, which moved. ^ ^ Respiratory siphons, the ar- 
is called the “ pallial line,” or indi»ti.,g the direction of the cur- 

... . V ’ rents ; rt rt' Adductor muscles; b Gills,// 

impression (fig. 210). Heart Momh, surrounded by (/) lablal 

q’here i S n n H rl -1 v A \ ’ d I* oot ; Anus ; m Cut edge of the 
1 ncrc lb no aisrinctiy amer- mantle. /After Woodward.) 

en tiated head in any of the Za- 

mellibranchiata, and the mouth is simply placed at the anterior 
extremity of the body. It is furnished with ciliated and tactile 
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membranous processes or palpi ” (usually four m number), 
but there is no dental apparatus. The mouth opens into a 

gullet, which conducts to a dis- 



Fig. 209. — Diagrammatic vertical and 
transverse section of Mya^ arenaria, 
b Back, or “dorsal margin" of the 
shell ; s s The two valves of the shell, 
right and left ; w fn The two halves, 
or “ lobes,” of the mantle, producing 
the shell ; The gills, two pairs on 
each side ; A The heart ; t Intestine ; 
/The foot. 


tmct Stomach. On the right 
side of the stomach, and open- 
ing into it, is, in many cases, a 
blind sac containing a peculiar 
transparent glassy body, which 
is known as the “ crystalline sty- 
let,” but the functions of which 
are absolutely unknown. The 
intestine has its first flexure 
neural, generally perforates the 
wall of the heart, and terminates 
posteriorly in a distinct anus, 
which is always placed near the 
respiratory aperture. The liver 
is large and well developed, but 
there are no salivary glands. 
There is always a distinct 
heart, composed either of an 
auricle and ventricle, or of two 
auricles and a ventricle. The 
ventricle propels the blood in- 
to the arteries, by which it is 
distributed through the body. 
From the arteries it passes into 
the veins, and is conducted to 
the gills, where it is aerated, 
and is finally returned to the 
auricles. 


The respiratory organs in all the Lamellibranchiata consist 
typically of two lamelliform gills, placed on each side of the 
body (fig. 208, b and fig. 209,^). In some cases there is only 
one gill on each side of the body, the external pair of branchiae 
being absent. The gills are in the form of membranous plates, 
composed usually of tubular rods, which support a network of 
capillary vessels, and are covered with vibrating cilia, whereby a 
circulation of the water is maintained over their surfaces. In 


some bivalves the margins of the mantle are united to one an- 
other, so that a closed branchial chamber is produced ; and in 
the others the arrangements for the admission of fresh and the 
expulsion of effete water are equally perfect, though there is no 
such chamber. In those in which the mantle-lobes are united at 


their margins, there are two orifices, one of which serves to admit 
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fresh water, whilst the effete water is expelled by the other. 
The margins of these “ inhalant ” and “ exhalant ” apertures 
are often drawn out and extended into long muscular tubes 
or ‘‘ siphons,” which may be either free, or may be united to 
one another along one side (fig. 208, jj*), and which can usually 
be partially or entirely retracted within the shell by means of 
special muscles, called the “ retractor muscles of the siphons.” 
These siphons are more especially characteristic of those La- 
mellibranchs which spend their existence buried in the sand, 
protruding their respiratory tubes in order to obtain water, and 
with it such nutrient particles as the water may contain. The 
presence or absence of retractile siphons can be readily deter- 
mined merely by inspection of the dead shell. In those 
bivalves in which siphons are not present, or if present are not 
retractile, the ^‘pallial line ” in the interior of the shell is un- 
broken in its curvature, and presents no indentation (Iiiiegro- 
pallialid). In those, on the other hand, in which retractile 
siphons exist, the pallial line does not run in an unbroken 
curve, but is deflected inwards posteriorly, so as to form an 
indentation or bay, which is termed the pallial sinus,” or 
“siphonal impression,” and is caused by the insertion of the 
retractor muscle of the sijdion. Those bivalves in which this 
sinus exists form the section Sifiupallialia (fig. 210, 2). 

Idle nervous system of the Lamellibranchiata is composed 



Fiff. 210. — Shells of Lamelllbriinchiata i. Cyclas awmen, a climyary shell with an 
entire pallial line. 2. Tapes pulhistra, a dimyary shell with an indented yiallial 
line. 3. Peima ephippium^ a monomyary shell (after Woodward), a Pallial line ; 
b Muscular impressions left by the adductors ; c Siphonal impression. 

of the three normal ganglia — the cephalic, the pedal, and the 
parieto - splanchnic or branchial. The principal organs of 
sense are the tactile labial palpi, otocysts, and eye-spots. The 
otocysts are not always present, and the ocelli, when present, 
are almost * always placed round the edge of the mantle. 

The so-called ** organ of Bojanus ” of the bivalves is doubt- 
less mainly concerned in excretion, and in all probability re- 
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presents the kidney. There is one of these organs on each 
side of the body, each composed of two sacs separated from 
those of the opposite side by a venous sinus. Or it may be 
looked upon as a double organ composed of two bilaterally 
symmetrical halves. It is situated just below the “pericar- 
dium ” and communicates with it, and also with the mantle- 
cavity. Though undoubtedly performing the functions of a 
kidney, the organ of Bojanus is also connected in some cases 
with reproduction, and it appears to correspond to the “ pseudo- 
hearts ” of the Brachiopoda. 

The majority of the bivalves are dicecious, but in some the 
sexes are united in the same individual. The young are 
hatched before they leave the parent, 
and are, when first liberated, free-swim- 
/ ' and furnished with a single or 

^ ^ \ double ciliated lobe, constituting what 

f \ is called the “ velum.** A long lash-like 

y^ \ ^ ) fi^amentor flagellum is also often present. 

^ _/ The velum is wanting in some forms. 

FiK. .».-Embryo of Cockle The muscukr systeiTi of the Lamelli- 
{CardiHvi), after Lov^n. v brauchs IS Well developed. Besides the 
Ciuatcd velum; ji Fiagei- ,„„scular margin of the mantle, and the 

muscles of the siphons (when these ex- 
ist), there are also present other muscles, of which the most 
important are the muscles which close the shell and those 
which form the “foot** (figs. 208 and 209,/). The “foot** 
is present in the majority of bivalves, though it is not such a 
striking feature as in the Gasteropoda, It is essentially a mus- 
cular organ, developed upon the ventral surface of the body, 
its retractor muscles usually leaving distinct impressions or scars 
(the “pedal impressions**) in the interior of the shell. In 
many, the foot, which is usually compressed, and often sickle- 
shaped, subserves locomotion, but in the attached bivalves it 
is rudimentary, and in others (as in the Scallops) locomotion 
is effected by the alternate opening and closure of the valves. 
In some — such as the ordinary Mussel — the foot is subsidiary 
to a special gland, which secretes the tuft of silky threads 
(“byssus**) w^hereby the shell is attached to foreign objects. 
This gland secretes a viscous material, which is moulded into 
threads by grooves on its external surface. 

The valves of the shell are brought together by one or two 
muscles, which are called the “adductor muscles**— -those 
bivalves with only one being called Afonomyaria^ whilst those 
which possess two are termed Dimyaria, In most there are 
two adductor muscles (fig. 208, a d) passing between the inner 
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surfaces of the valves, one being placed anteriorly in front of 
the mouth, the other posteriorly on the neural side of the in- 
testine. In the monomyary bivalves the posterior adductor 
is the one which remains, and the anterior adductor is absent. 
The adductors leave distinct “ muscular impressions ” in the 
interior of the shell, so that it is easy to determine whether 
there has been one only in any given specimen, or whether 
two were present. 

The habits of the LameUibranchiata are very various. Some, 
such as the Oyster (Ostrea), and the Scallop {Pccien\ habitually 
lie on one side, the lower valve being the deepest, and the 
foot being wanting, or rudimentary. The former is fixed by 
the substance of the valve, but the latter swims by rapidly 
opening and closing the shell. Others, such as the Mussel 
{Mytilus) and the Pbina^ are attached to some foreign object 
by an apparatus of threads, which is called the ‘‘ byssus,” and 
is secreted by a special gland. Others are fixed to some solid 
body by the substance of one of the valves. Many, such as 
the Myas, spend their existence sunk in the sand of the sea- 
.shore or in the mud of estuaries. Others, as the Pholades and 
fjit/iodomi, bore holes in rock or wood, in which they live. 
Finally, many are permanently free and locomotive. 

The LameUibranchiata may be divided into two sections, 
according as respiratory siphons are absent or present, as fol- 
lows : — 

Section A. Asiphonida. — Animal without respiratory 
siphons ; mantle - lobes free ; the pallial line simple and not 
indented {IntegropaUialia). 

This section comprises the families Ostreidee, Aviculidce, 
Myii/idce, Arcadee, Trigoniadee, and Unionidee, 

The Ostreida (including the Oysters, Scallops, Anomia^ Thorny Oysters, 
^:c. ) are all marine, and are monomyary. The AviculidtBy or Pearl-oysters, 
are likewise marine, but are dimyary. The Mytilida (Mussels, Horse- 
mussels, &c.) are partially marine and partially fresh-water forms, and 
have a very small anterior adductor. The Arcadie (Ark-shells, &c.) arc 
exclusively marine, as are the nearly allied Trigoniadic, Lastly, the Union- 
id(£ (Fresh- water Mussels) are exclusively confined to rivers and lakes. 

Section B. Siphonida. — Animal with respiratory siphons ; 
mantle-lobes more or less united. 

Two subdivisions, of little classificatory or anatomical value, 
are comprised in this section. In the first the sipho?ts are shorty 
and the pallial line is simple (Integropallialia) j as is seen in 
the families Chamida, JLippuritidee^ Tridacnidee, Cardiadee, 
Lucinidee^ Cycladidce^ and Cyprinidee, 

The second subdivision {Sinupallialia) is distinguished by 
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the possession of long respiratory siphons^ and a sinuated pallial 
line^ and it comprises the families Vefieridcc, Mactridm, Tellinidce^ 
Solenidce^ Myacidce, Anatmidce, Gasirochcenidce, and Pholadidce, 

The Chamid(c (Thorny Clams) are fixed to foreign bodies by the sub- 
stance of either valve indifferently, and are all inhabitants of the sea. 
The extraordinary extinct group of the Hippuritidcf!^ from the fossils asso- 
ciated with them, are known to have been also marine; and they are often 
found in great beds like Oysters, attached to one another and to foreign 
objects by the beak of the right valve. The Tridacnidie (Giant Clams) 
have a similar habitat, and the shell may attain a weight of five hundred 
pounds. The Cardiadir. (Cockles) and Lttcinidic are also marine, as are 
the CyprinidfV ; but the Cycladidie are fresh-water and brackish-water 
forms. I'he VcneridiS (Clams) are amongst the most beautiful of the Bi- 
valves, and are found in all seas, attaining their maximum in warm regions. 
The Mactrid(C (Trough-shells) and TellinidiP. are mostly marine, though 
also found in brackish waters ; and the Solenidct (Razor-shells), Myacidic^ 
and AnatinidiV are essentially marine, though some of the Myacidic extend 
their range for a considerable distance above the mouths of rivers. The 
GastrocJucnidcc are all natives of the sea, and have a burrowing habit, bor- 
ing holes for habitation in rocks, or living in the mud. Lastly, the JViola- 
didce (Piddocks and Ship- worms) bore holes in stone or wood, in which 
they live, and are all marine in habit. The Ship-worms [Teredo) have 
long worm-like bodies, and do an immense amount of harm by honey- 
combing with their burrows the sides of ships, or other wooden structures 
immersed in the sea. 

Distribution of the Lamellibranchiata in Time. — The 
Lamellibranchs are known to have existed in the Upper Cam- 
brian period, and have steadily increased up to the present 
day, when the class appears to have attained its maximum, 
both as regards numbers and as regards variety of type. The 
recent bivalves are also superior in organisation to those which 
have preceded them. Upon the whole, the Asiphonate bi- 
valves are more characteristically Palaeozoic, whilst those in 
which the mantle-lobes are united and there are respiratory 
siphons, are chiefly found in the Secondary and Tertiary 
epochs. One very singular and aberrant family — viz., the 
Hippuritidee — is exclusively confined to the Secondary rocks, 
and is, indeed, not known to occur beyond the limits of the 
Cretaceous formation. The Vetieridce^ which are perhaps the 
most highly organised of the families of the Lamellibranchiata^ 
appear for the first time in the Oolitic rocks, and increasing 
in the Tertiary period, have culminated in the recent period. 
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CHAPTER XLV. 

GASTEROPODA, 

Division Encephala, or Cephalophora. — The remaining 
three classes of the Mollusca proper all possess a distinctly 
differentiated head, and all are provided with a peculiar masti- 
catory apparatus, which is known as the odontophore.” For 
the first of these reasons they are often grouped together under 
the name Encephala; and for the second reason they are 
united by Huxley into a single great division, under the name 
of Odoniophoi'a. Whichever name be adopted, the three classes 
in question (viz., the Gastci'opoda^ Pta'opoda^ and Cephalopoda) 
certainly show many points of affinity, and form a very natural 
division of the Afolltisca, The Pieropoda^ as being the lowest 
class, should properly be treated of first, but it will conduce to 
a clearer understanding of their characters if the Gasteropoda 
are considered first. 

Class II. Gasteropoda. — The members of this class are 
7iei!er mcluded in a bivalve shell ; locojnotion is effected by if leans of 
a broad^ horizontally flattened, ventral disc — the ^ffoot; or by a 
vertically flattened, ventral, fln-like organ. Flexure of intestine 
hcemal or neural. 

This class includes all those Molluscous animals which have 
a shell of a single piece, and are commonly known as “ uni- 
valves,” such as the Land-snails, Sea-snails, Whelks, Limpets, 
&c. The shell, however, is sometimes composed of several 
pieces (multivalve), and in many there is either no shell at all, or 
nothing that would be generally recognised as such. In none 
is there a bivalve shell. The Gasteropods may be regarded as 
the most typical of the Mollusca, though not the most highly 
organised. All of them have a body composed of three prin- 
cipal portions — a head, foot, and visceral sac — the last of these 
being enclosed in the integumentary expansion known as the 

mantle.” In all, except the few sedentary forms, the “ foot ” 
is tlie organ of locomotion. 

In most of the Gasteropoda the body is unsymmetrical, and is 
coiled up spirally, “ the respiratory organs of the left side being 
usually atrophied” (Woodward). The body is enclosed in a 
‘‘ mantle,” which is not divided into two lobes as in the Lainel- 
Ubranchiata, but is continuous round the body. Locomotion 
is effected by means of the “foot,” which is usually a broad 
muscular disc, developed upon the ventral surface of the body, 
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and not exhibiting any distinct division into parts. In the 
Heteropoda^ however, and in the Wing-shells {Sfrombidce), the 
foot exhibits a division into three portions : an anterior, the 
“ propodium a middle, the “ mesopodium ; ” and a posterior 
lobe, or metapodium.” In the Heteropoda, the foot is flatten- 
ed, and forms a ventral fin, by means of which the animal 
swims, back downwards. 

In some, again, the upper and lateral surfaces of the foot 
are expanded into muscular side-lobes, which are called ‘‘ epi- 
podia.” In many cases the metapodium, or posterior portion 
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Fig. 2X2. — A, Sketch of a Whelk {^Buccinum undatum) in motion : / Foot ; h Head 
carrying the feelers (/) with the eyes (e) at their bases ; / Proboscis ; f Respiratory 
siphon, or tube by which water is admitted to the gills ; o Operculum. B, Shell of 
the Whelk : a Spire ; b Body-whorl ; n Notch in the front margjn of the mouth of 
the shell ; m Outer lip of the mouth of the shell. This figure is half the natural 
size. C, A sm^l duster of the egg-capsules of the Whelk. (B and C are after 
Woodward.) 


of the foot, secretes a calcareous, horny, or fibrous plate, 
which is called the ‘‘operculum ” (fig. 215, t?), and which serves 
to close the orifice of the shell when the animal is retracted 
within it. 

The head in most of the Gasteropoda is very distinctly 
marked out, and is provided with two tentacles and with two 
eyes, which are often placed upon long stalks. Very often 
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there is an elongated retractile proboscis, with ear-sacs, contain-^ 
ing otoliths, at its base. The mouth is sometimes furnished^ 
with homy jaws, and is (with extremely few exceptions) pro- 
vided with a singular masticatory apparatus, which is variously 
known as the “lingual ribbon,” the “tongue,” the “odonto- 
l)hore,” or the “ radula.” This consists of a longer or shorter 
ribbon - shaped structure, which is attached behind to the 
bottom of a secreting sac or sheath, situated on the lower 
wall of the pharynx posteriorly. The lingual ribbon extends 
forwards along the inferior wall of the pharynx, being supported 
by a species of cartilaginous cushion, over which it can be 
made to work backwards and forwards by appropriate muscles. 
It carries a great number of hook-shaped teeth arranged in 
transverse rows, there generally being a principal central and 
two or more lateral rows (fig. 213). These teeth formerly 
supposed to be siliceous, are now known to 
be mainly chitinous, and their form and dis- 
position are so various and so constant in 
different forms, that they afford very valuable 
help in classification. The mouth leads by a 
gullet into a distinct stomach, which is some- 
times provided with cartilaginous or calcare- 
ous plates for the trituration of the food. The 
intestine is long, and its first flexure is com- 
monly “ hxmal,” or towards that side of the 
body on which the heart is situated; though 
in some the flexure is “neural.” Distinct 



salivary glands are usually present, and the 
liver is well developed. 

A distinct heart is almost always present, 
composed of an auricle and ventricle. In 
many Gasteropods it has been shown that the 
blood-vessels form closed tubes, and that the 


Fig. 213. — Fragment 
of the lingual rib- 
bon or odontophore 
of the common 
Whelk {^Bttccinum 
magni- 
fied. (After Wood- 
ward.) 


arteries and veins are connected by an intermediate system of 
capillaries, instead of merely communicating through the inter- 
stices and lacunae between the tissues. It seems also certain 


that, in general at any rate, there is no direct connection between 
the blood-vessels and the outer medium, though, in some cases, 
such a communication seems undoubtedly to exist. Respira- 
tion is very variously effected ; one great division {Branchio- 
gasteropoda) being constructed to breathe air by means of water ; 
whilst in another section {Pulmogasieropoda) the respiration is 
aerial. In the former division respiration may be effected in 
three ways. Firstly, there may be no specialised respiratory 
organ, the blood being simply exposed to the water in the thin 
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walls of the mantle-cavity (as in some of the Heteropoda\ 
Secondly, the respiratory organs may be in the form of out- 
ward processes of the integument, exposed in tufts on the back 
and sides of the animal (as in the Nudibranchiata), Thirdly, 
the respiratory organs are in the form of pectinated or plume- 
like branchiae, contained in a more or less complete , branchial 
chamber formed by an inflection of the mantle. In many 
members of this last section the water obtains access to the 
gills by means of a tubular prolongation or folding of the 
mantle, forming a siphon” (fig. 214, j'), the effete water being 
expelled by another posterior siphon similarly constructed. 
In the air-breathing Gasteropods, the breathing organ is in the 



Fig. 214 . — Ampullaria canaliculata ^ one of the Apple-shells, o Operculum ; 
j Respiratory siphon. 


form of a pulmonary chamber, formed by an inflection of the 
mantle, and having a distinct aperture for the admission of air. 

The nervous system in the Gasteropoda has its normal com- 
position of three principal pairs of ganglia, the supra-oesopha- 
geal or cerebral, the infra-oesophageal or pedal, and the parieto- 
splanchnic ; but there is a tendency to the aggregation of these 
in the neighbourhood of the head. The organs of sense are 
the two eyes, and auditory capsules placed at the bases of the 
tentacles, the latter being tactile organs. 

The sexes are mostly distinct, but in some they are united 
in the same individual. The young, when first hatched, are 
always provided with an embryonic shell, which in the adult 
may become concealed in a fold of the mantle, or may be 
entirely lost. In the branchiate Gasteropods the embryo (fig. 
2 1 5, A) is protected by a small nautiloid shell, within which it 
can entirely retract itself ; and it is enabled to swim freely by 
means of a ciliated, often lobed extension of the cephalic in- 
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tegument, which is termed the velum,” and which is at first 
merely a circlet of cilia round the head. The velum has often 
been compared with the wing-like cephalic fins of the Ptero- 
poda, with which, however, it is only doubtfully homologous. 
Amongst the Pulmonate Gasteropods, those which are strictly 
terrestrial, undergo no metamorphosis, the velum being absent 
altogether, whereas those that live in fresh water possess struc- 
tures which correspond with the velum of the Branchiate 
forms. 

Shell of the Gasteropoda . — The shell of the Gasteropods is 
composed either of a single piece (univalve), or of a number 
of plates succeeding one another from before backwards (mul- 
tivalve). The univalve shell is to be regarded as essentially 
a cone, the apex of which is more or less oblique. In the 
simplest form of the shell, the conical shape is retained with- 
out any alteration, as is seen in the common Limpet (Patella). 
In the great majority of cases, however, the cone is consider- 
ably elongated, so as to form a tube, which may retain this 
shape (as in Dentaliiim), but is usually coiled up into a spiral. 
The ‘‘spiral univalve” (figs. 216, 217) may, in fiict, be looked 
upon as the typical form of the shell in the Gasteropoda. In 
some cases the coils of the shell — termed technically the 
“ whorls ” — are hardly in contact with one another (as in Ver~ 
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Fig. 215. — A, Young of .'Eolis^ a water-breathing Gasteropod, showing the provisional 
buccal lobes or “velum.” B, Adult Pteropod {LUnacina antarcticii). (After 
Woodward). 

metus). More commonly the whorls are in contact, and are 
so amalgamated that the inner side of each convolution is 
formed by the pre-existing whorl. In some cases the whorls of 
the shell are coiled round a central axis in the same plane, when 
the shell is said to be “discoidal” (as in the common fresh- 
water shell Planorbis). In most cases, however, the whorls 
are wound round an axis in an oblique manner, a true spiral 
being formed, and the shell becoming “ turreted,” “ trochoid,” 
“ turbinated,” &c. This last form is the one which may be 
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looked upon as most characteristic of the Gasteropods, the 
shell being composed of a number of whorls passing obliquely 
round a central axis or “columella,” having the embryonic shell 
or “nucleus” at its apex, and having the mouth or “aperture” 
of the shell placed at the extremity of the last and largest of 
the whorls, termed the “body-whorl” (fig. 216). The lines or 
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Fig. 216. — Anterior and posterior views of Cassis cancirllaia, a spiral Gasteropod. a 
“ Spire,” placed at the posterior end of the shell ; b “ Mouth,” placed at the anterior 
end of the shell ; c Inner or columellar lip; d Outer lip ; e Notch for the passage of 
a respiratory siphon. 
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grooves formed by the junction of the whorls are termed the 
“ sutures,” and the whorls above the body-whorl constitute the 
“spire” of the shell. The axis of the shell (columella) round 
which the whorls are coiled is usually solid, when the shell is 
said to be “ imperforate ; ” but it is sometimes hollow, when 
the shell is said to be “ perforated,” and the aperture of the 
axis near the mouth of the shell is called the “umbilicus.” 
The margin of the “aperture” of the shell is termed the 
“peristome,” or “peritreme,” and is composed of an outer and 
inner lip, of which the former is often expanded or fringed 
with spines. When these expansions or fringes are periodi- 
cally formed, the place of the mouth of the shell at different 
stages of its growth is marked by ridges or rows of spines, 
which cross the whorls, and are called “ varices.” In most of 
the phytophagous Gasteropods {Holostomatd) the aperture of 
the shell (fig. 217) is unbrokenly round or “entire,” but in the 
carnivorous forms (Siphonostomafa) it is notched, or produced 
into a canal (fig. 218). Often there are two of these canals, 
an anterior and a posterior, but they do not necessarily indi- 
cate the nature of the food, as their function is to protect the 
respiratory siphons. The animal withdraws into its shell by 
a retractor muscle, which passes into the foot, or is attached 
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to the operculum ; its scar or impression being placed, in the 
spiral univalves, upon the columella. 

In the multivalve Gasteropods, the shell is composed of eight 
transverse imbricated plates, which succeed one another from 
before backwards, and are embedded in the leathery or fibrous 
border of the mantle, which may be plain, or may be beset 
with bristles, spines or scales. 


CHAPTER XLVI. 

DIVISIONS OF THE GASTEROPODA, 

The Gasteropoda are divided into two primary sections or sub- 
classes, according as the respiratory organs are adapted for 
breathing air directly or dissolved in water : termed respec- 
tively the Fulmonata, Pulmonifera^ or Pulmogasteropoda^ and 
the Branchiata^ Branchifera, or Branchiogasteropoda, 

Sub-class A. Branchifera or Branchiogasteropoda. — 
In this sub-class respiration is aquatic^ effected by the thin 
walls of the mantle-cavity, by external branchial tufts, or by 
pectinated or plume-Iike gills, contained in a more or less 
complete branchial chamber. Flexure of intestine hcemal. 

This sub -class comprises three orders — viz., the Proso- 
branchiata^ the Opisthobranchiata^ and the Nucleobranchiata or 
Ileteropoda, 

Order I. Prosobranchiata. — The members of this order 
are defined as follows: Abdomen well developed, and pro- 
tected by a shell, into which the whole animal can usually 
retire. Mantle forming a vaulted chamber over the back of 
the head, in which are placed the excretory orifices, and in 
which the branchiae are almost always lodged. Brancliice 
pectinated or plume -like, situated (proson) in advance of 
the heart. Sexes distinct” (Miln e-Edwards). (See Woodward’s 
‘ Manual.’) 

The order Prosobranchiata includes all the most character- 
istic members of the Branchiate Gasteropods, and is divisible 
into two sections, termed respectively Siphonostomata and 
Holostomata, according as the aperture of the shell is notched 
or produced into a canal, or is simply rounded and entire.” 

The Siphonostomata^ of which the common Whelk {Buccinum 
undaium, fig. 212) may be taken as an example, are all marine. 
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and are mostly carnivorous in their habits. The following 
families are comprised in this section : Strombidce (Wing- 
shells), Muricidce^ Buccinida (Whelks), Conidce (Cones), Volu- 
tidcB, and CypraidcB (Cowries). 

The Holostotnata^ of which the common Periwinkle {Litto- 
rina littorea) is a good example, are either spiral or limpet- 
shaped, in some few instances tubular, or multivalve; the 
aperture of the shell being in most cases entire (fig. 200). 
They are mostly plant- eaters, and they may be either marine 
or inhabitants of fresh water. The following families are in- 
cluded in this section : Naticidce, PyrainidellidcB^ CerithiadcB^ 
MeianiadcB, Turrit ellida^ LittormidcB (Periwinkles), Faludinidcc 
(River -snails), Ncritidce^ Tujbinidce (Top -shells), Haliotidce 
(Ear-shells), Fissureliidce (Key -hole Limpets), CalyptrceidcL 
(Bonnet Limpets), Patellidcc (Limpets), Dentalidce (Tooth- 
shells), and Chitonidce, 

The Dentalidic are often regarded as a separate order of the Gasteropods 
(viz., Scaphopoda\ or, by Huxley, as referable to the Pteropoda. They 
constitute a lowly-organised group, distinguished by the absence of distinct 
gills or heart, the imperfect development of the head, and the slender 
tubular shell, with an aperture at each end. 

The Chitonida and PatellidiB are often united into a separate order 
{Cyclobranchiata)y characterised by the generally circular disposition of the 
branchia?. The former have a multivalve shell, and are stated to have the 
sexes united. 

Hy many naturalists, the Prosobranchiate order is divided into sub- 
orders, in accordance with the structure and form of the ‘ * odontophore ” 
or “radula.” 

Order II. Opisthobranchiata. — This order is defined as 
follows : “ Shell rudimentary, or wanting. BrauchicB arbores- 
cent or fasiculated, not contained in a special cavity, but 
more or less completely exposed on the back and sides, to- 
wards the rear (ppisthen) of the body. Sexes united ” (Milne- 
Edwards). (See Woodward’s ‘ Manual.’) 

The Opisthobranchiata y or ‘‘ Sea-slugs,” may be divided into 
two sections, the Tectibranchiata and NudibranchiatUy accord- 
ing as the branchiae are protected or are uncovered. 

The first section, that of the Tectibranchiatay is distinguished 
by the fact that the animal is usually provided with a shell, 
both in the larval and adult state, and that the branchiae are 
protected by the shell or by the mantle. Under this section 
are included the families of the Tornatellidoey Bullidce (Bubble- 
shells), Aplysiadce (Sea-hares), Pleurobranchidcey and Phylli- 
diadcB, 

In the second section, that of the Nudibranchiata (fig. 219), 
the animal is destitute of a shell, except in the embryo condi- 



MOLLUSCA ; GASTEROPODA. 


413 

tion, and the branchias (rarely absent, as in Limapontia and 
Rhodope) are always placed externally on the back or sides of 
the body. This section comprises the families Doridce (Sea- 
lemons), Tritoniadce, bolides, Phyllirhoidoe, and Elysiadm. 




Fig. 217. — Scalaria Gr(pn~ 
iandictiy a Holostoma- 
tou.s Univalve. 


Fig. 218 — Fusus iornntiis^ a Si- 
phonostomatous shell. Po.st- 
Pliocene. 


Specimens of the Sea-slugs and Sea-lemons may at any time 
be found creeping about on sea-weeds, or attached to the under 
surface of stones at low water. 

The head is furnished with ten- 
tacles, which appear to be rather 
connected with the sense of smell 
than to be used as tactile organs ; 
and behind the tentacles are gen- 
erally two eyes. The nervous sys- 
tern is extremely well developed, 
and would lead to the belief that 

the Nudibranchs are amongst the highest of the Gasteropoda, 
Locomotion is effected, as in the true Slugs, by creeping about 
on the flattened foot. 

Order HI. Nucleobranchiata or Heteropoda. — This 
order is defined by the following characteristics : Animal pro- 
vided with a skellj or not free-swimming and pelagic ; locomotion 
effected by a fin-like tail or by a fan shaped^ vertically-flattened^ 
ventral fin. 
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The Heteropoda are pelagic in their habits, and are found 
swimming at the surface of the sea. They are to be regarded 
as the most highly organised of all the Gasteropoda^ at the 
same time that they are not the most typical members of the 
class. Some of them can retire completely within their shells, 
closing them witli an operculum ; but most have large bodies, 
and the shell is either small (fig. 220) or entirely wanting. 



They swim by means of a flattened ventral fin, or by an elon- 
gated tail, and adhere at pleasure to sea -weed by a small 
sucker situated on the side of the fin. These organs are 
merely modifications of the foot of the ordinary Gasteropods ; 
the fin-like tail being the ‘‘metapodium’’ (as shown by its 
occasionally carrying an operculum), the sucker being the 
“ mesopodium,” and the ventral fin being a modified “ pro- 
podium.” The “ epipodia ” are apparently altogether wanting. 
Respiration is sometimes carried on by distinct branchiae, but 
in many cases these are wanting, and the function is performed 
simply by the walls of the pallial chamber. 

The Heteropoda are divided into the two families Firo tides 
and Atlantidce, the former characterised by having a small 
shell covering the circulatory and respiratory organs, or by 
having no shell at all ; whilst in the latter there is a well- 
developed shell, into which the animal can retire, and an oper- 
culum is often present. 

Sub -CLASS B. Pulmonifera or Pulmogasteropoda. — In 
this sub-class of the Gasteropoda respiration is aerial^ and is 
carried on by an inflection of the mantle, forming a pulmonary 
chamber into which air is admitted by an external aperture. 
The flexure of the intestine is 7 teural^ and the sexes are united 
in the same individual. 

The Pulmonifera include the ordinary Land-snails, Slugs, 
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Pond-snails, &c., and are usually provided with a well-developed 
shell, though this may be rudimentary (as in the Slugs), or 
even wanting. Though formed to breathe air directly, many 
of the members of this sub-class are capable of inhabiting 
fresh water. The common Pond-snails are good examples of 
these last. The condition of the shell varies greatly. Some, 
such as the common Land-snails, have a well-developed shell, 
within which the animal can withdraw itself completely. 
Others, such as the common Slugs (fig. 221) have a rudimen- 



Fig. ?2i . — Limax S ( nvcrbyi , one of the Slugs. (After Woodward.) 


tary shell, which is completely concealed within the mantle. 
Others are entirely destitute of a shell. They are divided into 
two sections as follows : — 

Section I. Inoperculata, — Animal not provided with an oper- 
culum to close the shell. In this section are included the 
families Helicidce (Land-snails), Limacidee (Slugs), Oncidiadee^ 
Limnceidie (Pond-snails), and Auriculidee. 

Section II. Operculata. — Shell closed by an operculum. In this 
section are included the families Cyclostofnidce and Aciculidee. 

Distribution of the Gasteropoda in Space. — As a class 
the Gasteropoda have a world-wide range, some forms being 
exclusively marine, others inhabiting fresh waters, while others, 
again, live upon the land. Amongst the Prosobranchiates^ the 
entire order of the Siphonosiomata^ and the majority of the 
Holostomata^ are marine; but, amongst the latter, the Mela- 
niadoe and Faludinidce are confined to fresh waters, and the 
CerithiadcB and Neritidce include a number of fresh or brackish 
water forms. The Opisthobrajichiates are exclusively marine, 
mostly littoral in their habits, but occasionally oceanic. The 
Heteropoda are exclusively marine and pelagic. Lastly, amongst 
the Pulmonates many forms (such as the Snails and Slugs) are 
strictly terrestrial, whilst others (Limnceay Planorbisy An^yli/s, 
&c.) are found in fresh or brackish waters. 

Distribution of the Gasteropoda in Time. — The 
Gasteropoda are represented in past time from the Lower 
Silurian rocks up to the present day. Of the Bratichifera 
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the Holostomata are more abundant in the Palaeozoic period, 
the Siphonostomata abounding more in the Secondary and 
Tertiary rocks, but not attaining their maximum till the pres- 
ent day. The place of the carnivorous Siphonostomata in the 
Palaeozoic seas appears to have been filled by the Tetrabran- 
chiate Cephalopods. The Branchiate Gasteropods of fresh 
water are chiefly represented as fossils by the genera Melaiiia, 
Paliidina, Valvata^ and Ampnllaria, 

The Heteropoda are likewise of very ancient origin, having 
commenced their existence in the lowest Silurian deposits. 
The genera Bellerophon^ Porcellia^ Cyrtolites^ and Maclurea^ 
are almost exclusively Palaeozoic ; Bellerophina is found in the 
Gault (Secondary), and Carinana has been detected in the 
Tertiaries. 

The Pulmonate Gasteropoda^ as was to be anticipated, are 
not found abundantly as fossils, occurring chiefly in lacustrine 
and estuarine deposits, in which the genera Limncea^ Physa^ 
Amy his ^ &c., are amongst those most commonly represented. 
These, however, are entirely Mesozoic and Kainozoic. In the 
Palaeozoic period the sole known representatives of the Pul- 
monifera arc the Pupa vetusta^ Pupa vermiltonensis^ Daivsonella 
Meekly and Zonites prisons of the Carboniferous rocks. 


CHAPTER XLVII. 

PTEROPODA, 

Class III. Pteropoda. — The Pteropoda are defined by being 
free arid pelagic^ swimming by means of two iving-like appendages 
(epipodia)^ developed from each side of the anterior extremity of 
the body. The flexure of the intestine is neural. 

As to the position of the Pteropoda in the Molluscan scale, 
they must be looked upon as inferior in organisation to any of 
the Gasteropoda^ of which class they are often regarded as the 
lowest division. They permanently represent, from certain 
aspects, the transient larval stage of the Sea-snails. 

The Pteropods are all of small size, and are found swimming 
at the surface of the open ocean, often in enormous numbers. 
Locomotion is effected by two wing-like fins, developed from 
the sides of the head, and composed of the greatly-developed 
‘‘epipodia.” The true “foot” is rudimentary and rarely dis- 
tinct, but the “ metapodium ” is sometimes provided with an 
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operculum {Limacinidce), There is usually a symmetrical, 
glassy, sometimes chitinous, shell (fig. 222), either consisting 
of a dorsal and ventral plate united, or forming a spiral (fig. 




Fit?. 222. — Pteropoda. a Cleodora pyramidata ; 
/' Cuvieria columtulla. (After Woodward.) 


/ 
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Fig. 223 . — Hyalen iridentata, show- 
ing the shell and the lateral fins 
attached to the sides of the head 
(//). 



215, B), but in some cases the body is naked, the mantle 
being absent or rudimentary. The head is rudimentary, and 
bears the mouth, which is occasionally tentaculate, and which 
is furnished with an odontophore. There is a muscular 
stomach and a well-developed liver; and the flexure of the 
intestine is neural, so that the anus is situated on the lateral 
or ventral surface of the body. 

The heart consists of an auricle and ventricle. The res- 
piratory organ is very rudimentary, and consists of a ciliated 
surface, which is either entirely unprotected, or may be con- 
tained in a branchial chamber. 

The ganglia of the nervous system ‘‘are concentrated into 
a mass beloiv the oesophagus ” (Woodward), united by a com- 
missure above the gullet ; and the eyes are rudimentary. 

The sexes are united in all the Pteropods, and the young 
pass through a metamorphosis, having at first a bilobed ciliated 
veil attached to the sides of the head. 

The Pteropoda are divided into two orders, termed Thecoso- 
mata and Gymnosomata ; the former characterised by possess- 
ing an external shell and an indistinct head ; the latter by 
being devoid of a shell, and by having a distinct head, with 
fins attached to the neck. 

The Pteropoda^ as already said, are found swimming near 
the surface in the open ocean, and they are found in all seas 
from the tropics to within the arctic circle, sometimes in such 
numbers as to discolour the water for many miles. They are 
nocturnal in their habits, and, minute as they are, they con- 
stitute in high latitudes one of the staple articles of diet of 
the whale. They themselves are, in turn, carnivorous, feeding 
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upon small Crustaceans and other diminutive animals. Though 
all the living forms are small, geology leads us to believe that 
there formerly existed comparatively gigantic representatives of 
this class of the Mollusca, 

Distribution of Pteropoda in Time. — The Pteropods 
are not largely represented in fossil iferous deposits, but they 
have a wide range in time, extending from the Upper Cambrian 
rocks up to the present day. The Theca and Comilaria of the 
Palasozoic period, if truly Pteropods, are of comparatively 
gigantic size. Both commence their existence in the Silurian 
or Upper Cambrian, and the former is entirely Palaeozoic. 
The genus Comilaria^ however, extends into the Mesozoic 
period, and is found in the Liassic rocks. The Silurian fossils 
which form the genus Te?itaculites^ though often referred to the 
Tubicolar Annelides, appear to belong without doubt to the 
Pteropoda. The recent genera Ilyalea (fig. 223), Cleodora, and 
Cuvier ia are represented in the Tertiary period. 


CHAPTER XLVIIL 
CEPHALOPODA. 

Class IV. Cephalopoda. — The members of this class are 
defined by the possession of ei^ht or more arnis'^ placed in a 
a circle round the mouth ; the body is e?tclosed in a muscular 
7 na?jtle-saCy and there are two or four plume-like gills within the 
mantle. There is ati anterior tubular orifice {the “ inf midi- 
bulunP'^ or ^^funneP') through 7 vhich the effete water of respi- 
ration is expelled. The flexure of the intestine is fieural. 

The Cephalopoda^ comprising the Cuttle-fishes, Squids, 
Pearly Nautilus, &c., constitute the most highly organised of 
the classes of the Mollusca. ‘They are all marine and carnivo- 
rous, and are possessed of considerable locomotive powers. 
At the bottom of the sea they can walk about, head down- 
wards, by means of the arms which surround the mouth, and 
which are usually provided with numerous suckers or “ aceta- 
bula.*' They are also enabled to swim, partly by means of 
lateral expansions of the integument or fins (not always pres- 
ent), and partly by means of the forcible expulsion of water 
through the tubular “ funnel,” the reaction of which causes 
the animal to move in the opposite direction. 

The majority of the living Cephalopods are naked, possess- 
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ing only an internal skeleton, and this often a rudimentary one ; 
but the Argonaut (Paper Nautilus), and the Pearly Nautilus, 
are protected with an external shell, though the nature of this 
is extremely diflferent in the two forms. 

The integument in the Cuttle-fishes is provided with nu- 
merous mobile cells, containing pigment-granules of different 
colours, and termed ‘‘chromatophores.’* By means of these 
many species can change their colours rapidly, under irritation 
or excitement. 

The body in the Cephalopoda is symmetrical, and is enclosed 
in an integument which may be regarded as a modification of 
the mantle of the other Mollusca. 

Ordinarily there is a tolerably dis- 
tinct separation of the body into 
an anterior cephalic portion (pro- 
soma) j and a posterior portion, 
enveloped in the mantle, and 
containing the viscera (me/asoma). 

The head is very distinct, bearing 
a pair of large globular eyes, and 
having the mouth in its centre. 

The mouth is surrounded by a 
circle of eight, ten, or more, long 
muscular processes, or ‘‘arms” (fig. 

224), which are generally provided 
with rows of stalked or sessile 
suckers. Each sucker, or “ace- 
tabulum,” consists of a cup-shaped 
cavity, the muscular fibres of which 
converge to the centre, where there 
is a little muscular eminence or 
papilla. When the sucker is ap- 
plied to any surface, the contrac- 
tion of the radiating muscular F‘g- 224- — Cephalopoda. St^iola 
i-i *11 /I one of the Cuttle-fishes. 

Tibres depresses the papilla so as (After Woodward.) 
to produce a vacuum below it, and 

in this way each sucker acts most efficiently as an adhesive 
organ. In some forms (Decapoda) the base of the papilla, or 
piston, is surrounded by a horny dentated ring, and in some 
others (as in Onychoteuthis) the papillge are produced into long 
claws. In the Octopod Cuttle-fishes there are only eight arms, 
and these are all nearly alike. In the Decapod Cuttle-fishes 
there are ten arms, but two of these — called “ tentacles are 
much longer than the others, and bear suckers only at their 
extremities, which are enlarged and club-shaped. In the 
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Pearly Nautilus the arms are numerous and are devoid of 
suckers. 

In all the Cuttle-fishes, the mouth is placed in the centre of 
the ‘‘ foot,” and it is by a splitting up of the margins of the 
foot into long muscular processes, that the arms ” are pro- 
duced. The arms are always symmetrically arranged in a 
dorsal, a ventral, and two lateral pairs ; and the tentacles ” 
(when present) are placed on the ventral surface, between the 
3d and 4th pairs of arms. The tentacles may or may not be 
retractile into pouches placed below the eyes, and their length 
may be many times greater than that of the body. They are 
organs of prehension ; and the arms are in addition employed 

by the animal in locomotion, 
enabling it to creep along the 
sea-bottom head downward. 

In all the Decapod, and 
in some of the Octopod 
forms, the sides of the body 
are produced into muscular 
expansions or fins (figs. 224 
and 231), with which the 
animal swims head foremost. 
In all the Cephalopods, also, 
the lateral margins of the 
foot (‘‘epipodia”) are either 
placed in apposition {Naut- 
ilus) or are actually united 
(Cuttle - fishes), in such a 
manner as to form a muscu- 
lar tube, known as the “fun- 
nel.” The funnel is placed 
on the lower surface of the 
body, with its anterior ex- 
tremity projecting beyond 
the mantle, while it opens 
behind into the pallial cham- 
ber. It serves for the elim- 
ination of the water which 
has been used in respiration, 
and the out-going currents 
also carry away with them the excretions of the kidneys and 
of the ink-sac, together with the faeces. By the contractions of 
the mantle, the water contained in the pallial sac can also be 
driven through the funnel in a succession of jets, driving the 
animal backwards through the water. 



Fie. 225. — Diagram of a Cuttle-fish (altered 
from Huxley), m Mandibles; « Cerebral 
ganglia ; / Liver ; p Intestine ; t Ink-bag ; 
g Gill ; / Funnel ; o Ovary ; s Cuttle-bone. 
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The mouth leads into a buccal cavity (fig. 225) containing 
two powerful mandibles, working vertically, resembling the 
beak of the parrot in shape, and either horny (as in the Cuttle- 
fishes) or partially calcareous in composition (as in the 
Nautilus). There is also a muscular tongue which appears to 
be in part an organ of taste, whilst in part it is developed into 
a lingual ribbon or odontophore.” The buccal cavity (fig. 
225) conducts by an oesophagus — into which salivary glands 
usually pour their secretion — to a stomach, from which an 
intestine is continued, with a neural flexure, to open on the 
ventral surface of the animal at the base of the funnel. A 
large and well-developed liver is present. In many cases 
there is also a special gland, called the ‘‘ink-bag,” for the 
secretion of an inky fluid, which the animal discharges into 
the water, so as to enable it to escape when menaced or 
pursued. The duct of the ink-bag opens at the base of the 
funnel ; but this apparatus is entirely wanting in the Tetra- 
branchiate Cephalopods, where, in consequence of the presence 
of an external shell, this means of defence is not needed. 

The kidneys (fig. 226, r r)are in the form of spongy cellular 
organs developed upon the two posterior branches of the vena 
cava. The circulatory organs consist of a systemic central 
heart (fig. 226, c) which drives the aerated blood to all parts 
of the body. The blood finds its way into the veins mostly 
through the intervention of a system of capillaries, but also by 
means of sinuses and lacunae amongst the tissues. The two 
great trunks which carry the venous blood to the branchiae, 
are further provided, in the Cuttle-fishes, with special con- 
tractile dilatations, situated one at the base of each gill, and 
known as the “ branchial hearts ” {e e). 

The respiratory organs are in the form of two (Cuttle-fishes) 
or four {Nautilus) plume-like gills, placed symmetrically on the 
sides of the body within the pallial sac. The gills (fig. 226, b b) 
consist each of a central stem, bearing finely-divided lateral 
vascular laminae ; and as they are not ciliated, the necessary 
respiratory currents are maintained by the alternate contrac- 
tions and expansions of the muscular walls of the mantle-sac. 
In each expansion the water finds its way into the pallial 
chamber by the opening between the rim of the mantle and 
the neck ; and in each contraction it is expelled through the 
tube of the funnel, which is so constructed as to allow of the 
egress but to prevent the ingress of the water. 

The nervous system consists of the three normal pairs of 
ganglia — the cerebral, pedal, and parieto-splanchnic — but these 
are aggregated to form an oesophageal collar (fig. 225, n). 




Fig. 226. — Central organs of the circulation, gills, and renal organs of Scfia ojjfichialis. 
(After John Hunter), a Aorta; v Vena cava; r/ r/ Visceral veins; c Systemic 
heart; d d Dilatations of branchial veins on entering the heart; ee Branchial 
hearts ; b b Rranchia; ; r r Renal organs. 


shadows the cranium of the Vertebrata ; this also sends out 
prolongations which strengthen and defend the eye, and the 
auditory chambers are excavated in its substance. 

The sexes in all the Cephalopoda are in different individuals, 
the males and females generally being more or less unlike 
externally. In this order the ducts of the generative organs 
open into the pallial chamber, and each individual, besides the 
essential organs of reproduction (testis or ovary), generally 
possesses an accessory gland ; that of the female secreting a 
viscid material which unites the eggs together, whilst that of 
the male coats the spermatozoa, and aggregates them into 
peculiar worm-like filaments, from six to eight lines in length, 
termed ‘‘ spermatophores,'^ or the “moving filaments of Need- 
ham.” The spennatophore is filled with spermatozoa, and 
possesses the power of expanding when moistened, rupturing, 
and expelling the contained spermatozoa with considerable 


MOLLUSCA : CEPHALOPODA. 


423 


force. During the congress of the sexes the male transfers 
the spermatophores to the pallial chamber of the female, true 
intromission not being possible, but the mode in which this 



Fig. 227. — I. Octopus careua (male), showing cyst in place of the third arm. 2. Ven- 
tral side of an individual, more developed, with the hectocotylus (<«). (After Wood- 
ward.) 

transference is effected differs in different cases, and is not 
universally known. 

In the males of many of the Cuttle-fishes, one of the arms is 
peculiarly modified, and is said to be “ hectocotylised,” but the 
extent to which this modification is carried differs in different 
cases, and it is not always the same arm in different species 
which is thus affected. In some cases, the “ hectocotylised ” 
arm is little altered from its ordinary form, and though the 
alteration be primarily sexual, the arm is not known to play 
any part in the reproductive process. In other cases, again, 
such as Octopus careua (fig. 227), Tremoctopus violaccus (fig. 
228, b), and Argonauta argo (fig. 228, a), the ‘‘hectocotylised” 
arm is the efficient agent in the impregnation of the female. 



424 


MANUAL OF ZOOLOGY. 


It is, in these forms, longer and thicker than the other arms, 
and possesses posteriorly a sac which is filled with spermato- 
phores. During the reproductive act the hectocotylised ” 
arm is actually detached by the male, and deposited, with its 
freight of spermatophores, within the pallial chamber of the 
female. When thus detached (fig. 228, b), it is capable of 



Fig. 228 . — a Male of Argonauta argo^ with the hectocotylised arm still contained in 
its enveloping cyst, four times enlarged (after H. Muller); b Hectocotylus of Trcmoc- 
topus violaceus, (After Kolliker.) 

independent movement, and when first found in this free con- 
dition within the mantle-cavity of the female Argonaut, it was 
regarded as a parasitic worm. Cuvier gave the name of 
“Hectocotylus Octopodis” to it, under this belief as to its 
nature. Hence the name of “hectocotylus” (in allusion to 
the suckers which it carries) is still applied to the detached 
arm ; whereas the arm, if not detached, is simply said to be 
“ hectocotylised.” 

In those cases in which the hectocotylised arm is not de- 
tached, it is asserted by Steenstrup that it is employed by the 
male in the direct transference of the spermatophores to the 
pallial chamber of the female ; though it is still uncertain how 
the spermatophores find their way from the seminal ducts to 
the sac in the interior of the arm. 

The eggs of the Cuttle-fishes are enclosed, singly or many 
together, in special capsules, which are generally attached in 
bunches to some foreign body. The ovum undergoes partial 
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segmentation, as in Birds and Reptiles, and the unsegrnented 
portion of the yolk is gradually absorbed by the growing 
embryo. 

The shell of the Cephalopoda is sometimes external, some- 
times internal. The internal skeleton (fig. 229) is known as 



Fig. 2.JQ. — a Internal Skeleton Sepia orfiatal b Pen of Histioieuthis Donelliana 
c Snell (“ phragmaconc of Spirulafragilis ; d Animal oiSpirtila Peronii. 

the ‘‘ cuttle-bone,” sepiostaire,” or pen ” {gladms), and may 
be either corneous or calcareous. In some cases it is rendered 
complex by the addition of a chambered portion or “ phrag- 
macone,” which is to be regarded as a visceral skeleton or 
“ splanchnoskeleton.” In Spirula (fig. 229, c) the phragma- 
cone is the sole internal skeleton, and is coiled into a spiral, 
the coils of which lie in one plane, and are near one another, 
but not in contact. It thus resembles the shell of the Pearly 
Nautilus, but it is internal, and differs, therefore, in this respect 
from the external shell of the latter, though resembling it in the 
fact that the last chamber lodges part of the viscera. The 
only living Cephalopods which are provided with an external 
shell are the Paper Nautilus {Argonauta), and the Pearly 
Nautilus {Nautilus pompilius) ; but not only is the structure of 
the animal different in each of these, but the nature of the 
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shell itself is entirely different. The shell of the Argonaut (fig. 
230) is involuted, but is not divided into chambers, and it is 
secreted by the webbed extremities of two of the dorsal arms 
of the female. The arms are bent backwards, so as to allow 
the animal to live in the shell, but there is in reality no organic 
connection between the shell and the body of the animal. In 
fact, the shell of the Argonaut, being confined to the female, 
and serving by its empty apex as a receptacle for the ova, may 
be looked upon as a ‘‘ nidamental shell, or, as it is secreted 
by a modified portion of the foot, it may more properly be 
regarded as a “ pedal shell.’* The shell of the Pearly Nautilus 
(fig. 233), on the other hand, is a true pallial shell, and is 
secreted by the body of the animal, to which it is organically 
connected. It is involuted, but it differs from the shell of the 
Argonaut in being divided into a series of chambers by shelly 
partitions or septa, which are pierced by a tube or “siphuncle,” 
the animal itself living in the last chamber only of the shell. 


CHAPTER XLIX. 

DIVISIONS OF THE CEPHALOPODA. 

The Cephalopoda are divided into two extremely distinct and 
well marked orders, termed the Dibra?ichiata and Tetra- 
branchiata. The former comprises all the true Cuttle-fishes ; 
whilst the latter, though abundantly represented in past time, 
has no other living representative than the Pearly Nautilus 
alone. 

Order I. Dibranchiata. — The members of this order of the 
Cephalopoda are characterised as being sufimming animals.^ al- 
most invariably naked, with never more than eight or ten arms, 
7 uhich are always provided with suckers. There are two branchice, 
which are furnished with branchial hearts ; an ink-sac is ahvays 
present ; the fimnel is a complete tube, and the shell is internal, 
or, if external, is nof chambered. 

The Cuttle-fishes are rapacious and active animals, swim- 
ming freely by means of the jet of water expelled from the fun- 
nel. The arms constitute powerful offensive weapons, being 
excessively tenacious in their hold, and being sometimes pro- 
vided with a sharp claw in the centre of each sucker. They 
are mostly nocturnal or crepuscular animals, and they some- 
times attain to a great size. They may be divided into two 
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sections, Octopoda and Decapoda^ according as they have simply 
eight arms, or eight arms and two additional “ tentacles.” 

Section A. Octopoda. — The Cephalopods comprised in this 
section are distinguished 


by the possession of not 
more than eight arms, 
which are provided with 
sessile suckers. The shell 
is internal and rudiment- 
ary ; in one instance only 
(the Argonaut) external. 
The body is short and 
bursiform, and ordinarily 
without fins. 

This section comprises 
the two families of the 
Argo 7 iaiitidie^ and the Oc- 
topodidm. In the former 
of these there is only the 
single genus Argofiauta 
(the Paper Sailor, or the 
Paper Nautilus), of which 
the female and male differ 
greatly from one another. 
'Hie female Argonaut (fig. 
230) is protected by a 
thin singie-chambered shell, 
in form symmetrical and 
involuted, which is secret- 



Fig. 230 . — Argonnuta ar^o, the “Paper Nau- 
tilus,” female. The animal is represented in 
its shell, but the webbed dorsal arms are se- 
parated from the shell, which they ordinarily 
embrace. 


cd by the webbed extrem- 
ities of the dorsal arms, but is not attached in any way to the 
body of the animal. It sits in its shell with the funnel turned 
towards the keel, and the webbed arms applied to the shell. 
TKe male Argonaut is much smaller than the female (less than 
an inch in length), and is not protected by any shell. The 
third left arm of the male (fig. 228) is developed in a cyst, and 
ultimately becomes a ‘Tiectocotylus,” and is deposited by the 
male in the pallial chamber of the female. 

In the Octopodidcc (or Poulpes) there are eight arms, all 
similar to one another, and united at the base by a web. 
There is an internal rudimentary shell, represented by two 
short styles encysted in the substance of the mantle (Owen). 
The body is seldom provided with lateral fins. The third right 
arm of the male is primarily developed in a cyst, and ultimately 
becomes “ hectocotylised.” 
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Section B. Decapoda. — The Cephalopods of this section 
have eight arms and two additional ‘‘tentacles,” which are 
much longer than the true arms, are retractile, and have ex- 
panded, club-shaped extremities (fig. 231). The suckers are 



Fig. 231.— A, The common CoXsimAvy {Loltgo vui^nris), reduced in size: a One of the 
ordinary arms ; t One of the longer arms or ‘^tentacles.” li. Skeleton or “ pen” of 
the same, one-fourth natural size (after Woodward). C, Side view of one of the 
suckers, showing the horny hooks surrounding the margin. D, View of the head 
from in front, showing the bases of the arms \a) and tentacles (/), the mouth (w), 
and the funnel (/). 

pedunculated ; the body is always provided with lateral fins, 
and the shell is always internal 
This section comprises the three living families of the 
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TeuthidcB^ Scpiadce^ and the Spirulidce^ and the extinct family 
of the Belemnitidce, 

The family of the TeuthidcB comprises the Calamaries or 
Squids (fig. 231), characterised by the possession of an elon- 
gated body with lateral fins. The shell (fig. 229, b) is internal 
and horny, consisting of a median shaft and of two lateral 
wings; it is termed the “gladius” or ^‘pen,” and in old speci- 
mens several may be found lodged in the mantle, one behind 
the other. In the common Calamary (Loligo) the fourth left 
arm of the male is metamorphosed towards its extremity to 
subserve reproduction. 

In the family of the Sepiadce the internal shell (fig. 229, a) is 
calcareous (‘‘ cuttle-bone or scpiostaire ”), and is in the form 
of a broad plate, having an imperfectly-chambered apex. The 
l)road laminated plate is extremely light and spongy, and 
the chambered apex is called the ‘‘mucro.” In the living 
members of the family the body is provided with long lateral 
fins, sometimes as long and as wide as the body itself. 

In the singular family of the SpirulidcB the internal skeleton 
(fig. 229, c) is in the form of a nacreous, discoidal shell, the 
whorls of which are not in contact with one another, and which 
is divided into a series of chambers by means of partitions or 
septa which are pierced by a ventral tube or “siphuncle.** 
The body is provided with minute lateral fins, and the arms 
have six rows of small suckers. The shell of the Spirida — 
commonly known as the post-horn — is similar in structure 
to the shell of the Nmitilus, but it is lodged in the posterior 
part of the body of the animal (fig. 229), and is therefore mter- 
nal, whereas the shell of the latter is external. It really corre- 
sponds to the ‘‘ phragmacone ” of the Belemnite. Though the 
shell occurs in enormous numbers in certain localities, a single 
perfect specimen of the animal is all that has been hitherto 
obtained. In its internal anatomy, Spirula is a true Dibran- 
chiate. It has the peculiar feature that the hinder end of the 
body forms a kind of suctorial disc, apparently employed to 
moor the animal to foreign bodies. The beaks are not calci- 
fied. The retractor muscles of the funnel spring from the inner 
surface of the last chamber of the shell (as in Nautilus) ; and 
this chamber also lodges the hinder termination of the liver 
(Owen). 

In the extinct family of the Beleftinitidce^ our knowledge is 
chiefly confined to the hard parts. Certain specimens how- 
ever, have been discovered, which show that the Belemnite had 
essentially the structure of a Cuttle-fish, such as the recent 
Calamary, The body was provided with lateral fins ; the arms 
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were eight, furnished with horny hooks, with two tentacles ; ” 
and probably the mouth was provided with horny mandibles. 

An ink-bag was present. The inter- 
, nal skeleton of a Belemnite (fig. 232 ) 

consists of a chambered cone — the 
^ “ phragmacone ” — the septa of which 

are pierced with a marginal tube or 
“ siphuncle.** In the last chamber of 
the phragmacone is contained the 
w^BK ink-bag, often in a well-preserved con- 

1|^B|^ dition. Anteriorly the phragmacone 

" is continued into a horny lamina or 

“ pen ’’ (the pro-ostracum ” of Hux- 
ley), and posteriorly it is lodged in 
a conical sheath or “ alveolus,” which 
is excavated in the substance of a 
nearly cylindrical, fibrous body, the 
‘‘guard” (fig. 232 ,^) which projects 
/ backwards for a longer or shorter dis- 
tance, and is the part most usually 
found in a fossil condition. 

Order II. Tetrabranchiata. — 
The members of this order of the 
Cephalopoda are characterised by be- 
ing creeping animals, protected by an 
externcil, many -chambered shell, the 
feMtfMf septa betwee7t the chatnbers of luhich 

arc perforated by a 7neittbra7ious or 
calcareous tube ter77ied the “ siphu7icleP 
H ar77is are iiumerous a7id are de- 

void of suckers ; the bra7ichice are four 
vnEI 171 7iumber, two on each side of the 

SKr body ; the fimnel does not form a com- 

plete tube ; and there is no ink-bag. 

Though abundantly represented 
by many and varied extinct forms, 

^ the only living member of the Tetra- 
Fie. 232. -Diagram of Belemnite brancJiiata is the Pearly Nautilus, 
fcype“/o??<pro-oi!ISmr ^hich has been long known by its 
^Chambered “phragmacone" beautiful chambered shell, but the 
^ “ Guard/'^'*^ ^ ' soft parts of which were first describ- 

ed from a perfect specimen which 
was examined by Professor Owen.* 

* The animal of the Pearly Nautilus is still one of the greatest rarities 
in museums. Its anatomy was originally described from a female specimen 


‘alveolus 
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The soft structures in the Pearly Nautilus may be divided 
into a posterior, soft, membranous mass {metasoma), contain- 
ing the viscera, and an anterior muscular division, comprising 
the head {prosoma) \ the whole being contained in the capa- 
cious outermost chamber (the body-chamber) of the shell, from 
which the head can be protruded at will. The shell itself (fig. 
233) is involuted and many-chambered, the animal being con- 



tained successively in each chamber, and retiring from it as its 
size becomes sufficiently great to necessitate the acquisition of 
more room. Each chamber, as the animal retires from it, is 
walled off by a curved, nacreous septum ; the communication 
between the chambers being still kept up by a membranous 
tube or siphuncle, which opens at one extremity into the peri- 
cardium, and is continued through the entire length of the 
shell. The position of the siphuncle is in the centre of each 
septum, but the siphuncle simply passes through the chambers, 
without opening into them. 

Posteriorly the mantle of the Nautilus is very thin, but it is 
much thicker in front, and forms a thick fold or collar sur- 
rounding the head and its appendages. From the sides of the 
head spring a great number of muscular prehensile processes 
or “arms,” which are annulated, but are not provided with 

by Prof. Owen in 1832. Since that time examples have been described by 
Van der Hoeven, Vrolik, Valenciennes, Macdonald, &c. 
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cups or suckers. Four of the arms of the male are specially 
modified to form a peculiar organ termed the “ spadix,” which 
is connected with reproduction, and corresponds with the 
“ hectocotylised ” arm of the male Cuttle-fishes. In the centre 
of the head is the mouth, surrounded by a circular fleshy lip, 
external to which is a series of labial processes. The mouth 
opens into a buccal cavity, armed with two horny mandibles, 
partially calcified towards their extremities, and shaped like 
the beak of a parrot, except that the under mandible is the 
longest. There is also a “ tongue,” which is fleshy and sen- 
tient in front, but is armed with recurved teeth behind. The 
gullet opens into a large crop, which in turn conducts to a 
gizzard, and the intestine terminates at the base of the fun- 
nel. On each side of the crop is a well-developed liver. 

The heart is contained in a large cavity, divided into sev- 
eral chambers, and termed the ‘‘pericardium” (Owen). The 
respiratory organs are in the fonn of four pyramidal branchiai, 
two on each side. 

The chief masses of the nervous system are the cerebral 
and infra-oesophageal ganglia, which are partially protected by 
a cartilaginous plate, which is to be regarded as a rudimentary 
cranium, and which sends out processes for the attachment of 
muscles. The organs of sense are two large eyes, attached 
by short stalks to the sides of the head, two spheroidal ear- 
capsules, and two hollow plicated subocular processes, be- 
lieved to be possibly olfactory in their function. 

The reproductive organs of the female consist of an ovary, 
oviduct, and accessory nidamental gland. 

There is no ink-bag, and the funnel does not form a com- 
plete tube, but consists of two muscular lobes, which are 
simply in apposition. It is the organ by which swimming is 
effected, the animal being propelled through the water by 
means of the reaction produced by the successive jets emitted 
from the funnel. The function of the chambers of the shell 
appears to be that of reducing the specific gravity of the 
animal to near that of the surrounding water, since they are 
most probably filled with some gas secreted by the animal. 
Good authorities, however, believe that the chambers of the 
shell are filled with water. The function of the siphuncle is 
unknown, except in so far as it doubtless serves to maintain 
the vitality of the shell. 

Shell of the Tetrabranchiata.-— The shells of all the 
Tetrabranchiata agree in the following points : — 

1. The shell is external. 

2. The shell is divided into a series of chambers by plates 
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or “septa,” the edges of which, where they appear on thb 
surface of the shell, are termed the “ sutures.” 

3. The outermost chamber of the shell is the largest, and is 
the one inhabited by the animal. 

4. The various chambers of the shell are traversed by a 
tube, termed the “siphuncle.” 

Agreeing in all these fundamental points of structure, two 
very distinct types of shell may be distinguished as character- 
istic of the two families NautilidcR and A 7 m?iomtidce, into which 
the order Tetrahrafichiata is divided. 

In the family Nautilidcz (fig. 234, d and e)^ the “septa” of 



Fig. 234.--Diagr.'im to illustrate the position of the siphuncle and the form of the septa 
in various Tetrabranchiate Cephalopoda. The upper row of figures represents 
transverse sections of the shells, the lower row represents the edges of the septa. 
a a Ammonite or Baculite ; b b Ceratiie ; c c Goniatite ; d d Clymenia; e e Nau- 
tilus or Orthoceras. 

the shell are simple, curved, or slightly lobed ; the “ sutures ” 
are more or less completely plain ; and the “ siphuncle ” is 
central, sub-central, or internal (/>., on the concave side of the 
curved shells). 

In the family Ammonitidee (fig. 234, and c), on the 

other hand, the septa are folded and complex ; the sutures are 
angulated, zigzag, lobed, or foliaceous ; and the siphuncle is 
external (/>., on the convex side of the curved shells).* 

In both these great ty^es of shell, a series of representative 
forms exists, resembling each other in the manner in which the 

* In the Animonitida, the initial chamber (‘‘ovisac”) of the shell is an 
cgg‘shaped chamber isolated from the first air-chamber by a distinct con- 
striction, whereas no such arrangement obtains in the Nautilida. Such a 
structure, however, is found in Spirula^ Belemnites^ and other allied forms ; 
and it has recently been concluded (Munier-Chalmas) that the Ammon- 
itidee are properly Dibranchiate^ their shell being an internal skeleton or 
phragmacone, similar to the shell of the Spirtda. 

2 E 
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shell is folded or coiled, but differing in their fundamental 
structure. All these different forms may be looked upon as 
produced by the modification of a greatly elongated cone, the 
structure of which may be in conformity with the type either 
of the Nautilidce or of the Ammofitiidce. The following table 
(after Woodward) exhibits the representative forms in the two 


families : — 

NautilidcD. Antmonitid(E. 

Shell Straight, Orthoceras, . Baciilites. 

„ bent on itself, . . . Ascoceras, . . Ptychoceras. 

„ curved, Cyrtoceras, Toxoceras. 

„ spiral, Trochoceras, . Turrilites. 

„ discoidal Gyroceras, . . Crioceras. 

„ discoidal and produced, Lituites, . . . Ancyloceras. 

„ involute, Nautilus, . . Ammonites. 


After the Nautilus itself, the most important form of the 
Nautilidce is the Orthoceras (fig. 235). In structure this was 


s 



Fig. 235 . — Orthoceras exploratory Billings, i. Side view of a fragment, showing 
the septa. 2. Transverse section of the same, showing (f) the siphuncle. 

doubtless essentially identical with the Nautilus, but the shell, 
instead of being coiled into a spiral lying in one plane, was ex- 
tended in a straight, or nearly straight, line. Orthoceratites of 
more than six feet in length have been discovered, but in all, 
the body-chamber, in which the animal was lodged, appears to 
have been comparatively small. The siphuncle is usually very 
complex in structure, and was calcareous throughout its entire 
length. 

The structure X)f the shell in the Amnionitidce is exactly that 
of the Pearly Nautilus, consisting of an outer porcellanous 
and an inner nacreous layer. The body-chamber was rather 
elongated than laterally expanded or dilated. The simplest 
form of the Ammonitidce is the Baculite, in which the shell is 
straight, like that of an Orthoceras, while the septa have the 
characters of those of an Ammonite, and the siphuncle is ex- 
ternal. In the Turrilite (fig. 237) the structure of the shell is 
the same, but it is coiled into a turreted spiral. In the Am- 
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moiiite itself (fig. 236), the shell is discoidal and involuted, cor- 
responding (in form) to the shell of the Nautilus ; the body- 
chamber was of comparatively large size, and had its aperture 




Fig. 22^.- -Ammonites hi / rons ^ from the Lias. 


closed, in some species at any rate, by an operculum. The 
shell sometimes attained a gigantic size, and several hundred 
species of the genus have been described. In Crioceras (fig. 
237) the shell was a flat spiral, like that of the Ammonites, 
but the whorls are not in contact. In Toxoceras the shell is 
shaped like a bow. In Ancyloceras (fig. 237) the shell is at 
first discoidal, with separate whorls, then produced into a 
straight line, and finally bent forwards into a hook. 

Distribution of the Cephalopoda in Space. — All the 
Cephalopoda^ without exception, are marine. Some of the 
Cuttle-fishes (such as the Octopi and Sepia) live in the vicinity 
of land, especially frequenting rocky bottoms; while others 
(such as Argonauta, Spirula, ^piola^ Onychoteuthis^ &c.) live 
in the open sea, often far from land, swimming at or near the 
surface. Some of the Cuttle-fishes attain a gigantic size ; but 
all these colossal forms of the class appear to belong to the 
Decapoda. The Architeuthis of the North Atlantic is certainly 
known to attain a length of 15 feet or upwards to the body and 
head, and from 30 to 40 feet or more in the long tentacles. 
The Pearly Nautilus is confined to the Pacific and Indian 
Oceans, and appears to be an inhabitant of shallow water. 

Distribution of Cephalopoda in Time.— The Cephalo- 
pods are largely represented in all the primary groups of 
stratified rocks from the Upper Cambrian up to the present 
day. Of the two orders of Cephalopoda^ the Tetrabranchiata 



Pig- 237. — hJhells of Secondary Cephalopods. i. Ancyloceras Maiheroniauus ; 2. 
Scaphites <Fqualisi 3. Crioceras Duvalii; 4. Hamites attcnuatus I 5. Turrilittw 
catenatus. 


pompilius^ together with some varieties or nearly allied 
species. Of the sections of this order, the Nautilidcs proper 
and the Orthoceratidce are pre-eminently Palaeozoic, and the 
AiJimonitidce are not only pre-eminently, but are almost ex- 
clusively, Secondary. Of the abundance of the two former 
families in the Silurian seas some idea may be obtained when 
it is mentioned that over a thousand species have been de- 
scribed by M. Barrande from the Silurian basin of Bohemia 
alone. The Nautilidce proper have gradually decreased in 
numbers from the Palaeozoic through the Secondary and Ter- 
tiary periods to the present day. The OrthoceratidcB died out 
much sooner, being exclusively Palaeozoic, with the exception 
of the genera Qrthoceras itself and CyrtoceraSy which survived 
into the commencement of the Secondary period, finally dying 
out in the Trias. 

The second family of the Tetrahrmuhiata — viz., the Ammo- 
nitidcR — is almost exclusively Secondary, being very largely 
represented by numerous species of the genera Ammonitesy 
CeratiteSy BaculiteSy Turrilites, &c. The principal Palaeozoic 
genera are Goniaiiies and Bactritesy of which the former is 
found from the Upper Silurian to the Trias, whilst ’the latter is 
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a ].)evonian form ; but true Ammonites have been found in 
strata of Carboniferous age in India (Dr Waagen). The genus 
Ceratites is characteristically Triassic, but it is said to occur in 
the Devonian rocks. All the remaining genera are exclusively 
Secondary, the genera Baculites^ TurriliteSy Hamites^ and Pty- 
choceras being confined to the Cretaceous period. The only 
genus which passes U[) into the Tertiary is Amtnonites^ which 
occurs in beds believed to be of this age in America. 

Of tile Dibranchiate Cephalopoda the record is less perfect, 
as they have few structures which are capable of preservation. 
They attain their maximum, as fossils, shortly after their first 
appearance in the Secondary rocks, where they are retiresented 
by the large and important family of the Bclemnitidce. Some 
of the Tetithidce and Sepiadee are found both in the Secondary 
and in the lertiary rocks, and two species of Argonaut have 
been discovered in the later 'Fertiaries. No example of a 
Dibranchiate Cephalopod is known from the Palreozoic de- 
l)()sits, and the order attains its maximum at the [iresent day. 
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VERTEBRATE ANIMALS. 


CHAPTER J,. 

(Ibneral Characters and Divisions of j he 
Vertebrata. 

The five sub-kingdoms vvhirh we have previously considered 
viz., the Protozoa^ Coilentemta, Echinodermata, Afmtiiosa^ and 
Mollusca — were grouped together by the h'rench naturalist La- 
marck to form one great division, which he termed Jnvertebrata, 
the remaining members of the animal kingdom constituting the 
division Perfebrata, The division Verfebrata, though including 
only a single sub-kingdom, is so compact and well marked a 
division, and its distinctive characters are so numerous and so 
important, that this mode of looking at the animal kingdom is, 
at any rate, a very convenient one. 

"I'he sub-kingdom VerUbrata may be shortly defined as com- 
})rising animals in udiich the body is composed of a number oj 
definite segments arranged along a longitudinal axis : the netTous 
system is in its main masses dorsal^ and the neural and luemal 
regions of the body are always completely shut ofip from one 
another by a partition ; the limbs are na^er fuore than four in 
number^ and are ahuays turned away from the neural aspect of 
the body ; mostly there is the bony axis known as the ‘‘ spine ” or 
^'‘vertebral column^ and in all the stmeture knenun as the noto- 
chord^^ is present — in the embryo^ at any rate. These charac- 
ters distinguish the Vertebratay as a whole, from the Inverte- 
brata; but it is necessary to define these broad differences 
more minutely, and to consider others which are of. little less 
importance. 
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One of the most obvious, as it is one of the most funda- 
mental, of the distinctive characters of Vertebrates^ is to be 
foun d in^tbc shutting off of the main masses of the nervous 
system from the general cavity of the body. In all 

animals, without exception, the body (fig. 238, A) may 
be regarded as a suigle tube, enclosing all the viscera ; and 




Fig. .>38. — A, Transverse section of the body of one of the higher hivertehrata : a 
Hody-wall ; Alimentary canal: Hjcmal system; n Nervous system. H, Trans- 
verse section of the body of a Vertebrate animal ; a Body-wall ; b Alimentary 
canal ; c Haemal system ; n Sympathetic system of nerves; «' Cerebro-spinal system 
of nerves ; ch Notochord. 


consequently, in this case, the nervous system is contained 
within the general cavity of the body, and is not in any way 
shut olif from the alimentary canal. The transverse section, 
however, of a Vertebrate animal exhibits two tubes (fig. 238, B), 
one of which contains the great masses of the nervous system 
— that is, the cerebro-spinal axis, or brain and spinal cord 
— whilst the other contains the alimentary canal and the 
chief circulatory organs, together with certain portions of 
the nervous system known as the ‘‘ ganglionic or “ sym- 
pathetic” system. Leaving the cerebro-spinal centres out 
of sight for a moment, we see that the larger or visceral 
tube of a Vertebrate animal contains the digestive canal, the 
haemal system, and a gangliated nervous system. Now this 
is exactly what is contained in the visceral cavity of any of 
the higher Invertebrate animals; and the opinion has been 
generally entertained that it is the sympathetic nervous sys- 
tem of Vertebrates which is truly comparable to, and homolo- 
gous with, the nervous system of Invertebrates. On the other 
hand, there are Invertebrates with a sympathetic system of 
nerves, and the development of the nerve-chain of the Annth 
iosa resembles that of the cerebro-spinal axis of the Vertebrata. 

The tube containing the cerebro-spinal centres is formed as 
follows : At an early period in the development of thtj embryo 
of any Vertebrate animal, the portion of the ovum in which 
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development is going on — the ‘‘germinal area — becomes 
elevated into two parallel ridges, one on each side of the 
middle line, enclosing between them a long groove, which is 
known as the “primitive groove"' (fig. 239, A, B). The ridges 
which bound the primitive groove are known as the “ laminae 
dorsales ; " and they become more and more raised up, till they 
ultimately meet in the middle line, and unite to form a tube, 
within which the cerebro-spinal nervous centres are developed. 
It follows from its mode of formation that the inner wall of the 
tube formed by the primitive groove, which remains as the 
septum between the cerebro-spinal canal and the body-cavity, 
is nothing more than a portion of the primitive wall of the 
body of the embryo. And there appears to be little doubt, as 
believed by Remak and Huxley, that the cerebro-spinal nervous 
centres are “ the result of a modification of that serous layer 
of the germ, which is continuous elsewhere wdth the epidermis ” 
(Huxley). 

Another remarkable peculiarity as regards the nervous sys- 
tem is found in the fact that in no Vertebrate animal does the 



Fig. 23Q.— Embryology of Vertebrata. A, Portion of the germinal area of the omm 
of a Bitch, showing the primitive ctoovc (after Bischoff). ^ B, Profile view of the 
same. C, Diagram representing tne amnion and allantois : e Embr>'0 ; rt Am- 
nton ; n Umbilical vesicle ; b Allantois ; f Pedicle of the allantois, afterwards the 
urinary bladder. D, Head of an embryo, showing the visceral arches (z' v). 

alimentary canal pierce the main masses of the nervous system, 
but turns away to open on the opposite side of the body. In 
most Invertebrates, on the other hand, in which there is a 
well-developed nervous system, this is perforated by the gullet, 
so that an oesophageal nerve-collar is formed, and some of the 
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nervous centres become prne • oesophageal, whilst others are 
post- oesophageal. 

Furthermore, the floor of the “primitive groove*^ in the 
embryo of all Vertebrates has developed in it at an early 
period the structure known as the “notochord” or “chorda 
dorsalis ” (fig. 238, B, cJi), This structure, doubtfully repre- 
sented in any Invertebrate, is a semi-gelatinous or cartilaginous 
collection of cells, forming a rod-like axis, which tapers at both 
ends, and extends along the floor of the cerebro-spinal canal, 
supporting the cerebro-spinal nervous centres. In some Ver- 
tebrates, such as the Lancelet {Amphioxus\ the notochord is 
persistent throughout life. In the majority of cases, however, 
the notochord is replaced before maturity by the structure 
known as the “ vertebral column ” or “ backbone,” from 
which the sub-kingdom Vertebra fa originally derived its name. 
This is not the place for an anatomical description of the 
spinal column, and it is sufficient to state here that it is essen- 
tially composed of a series of cartilaginous, or more or less 
completely ossified, segments or vertebra^ arranged so as to form 
a longitudinal axis, which protects the great masses of the 
nervous system. It is to be remembered, however, that all 
Vertebrate animals do not possess a vertebral column. They 
all possess a notochord ; but this may be persistent, and in 
many cases the development of the spinal column is extremely 
imperfect. 

Another embryonic structure which is characteristic of all 
Vertebrates, is found in the so-called “ visceral arches ” and 
“ clefts ” (fig. 239, D). The “ visceral arches ” are a series of 
parallel ridges running transversely to the axis of the body, 
situated at the sides of, and posterior to, the mouth. As devel- 
opment proceeds, the intervals between these ridges become 
grooved by depressions which gradually deepen, until they 
become converted into a series of openings or “clefts,” where- 
by a free communication is established between the upper part 
of the alimentary canal (pharynx) and the external medium. 
In Fishes and many Amphibians the greater number of the 
visceral clefts remain open throughout life ; and the visceral 
arches of all fishes (except the I.ancelet) throw out filamentous 
or lamellar processes, which receive branches of the aorta and 
constitute branchiae. In the higher Vertebrata all the visceral 
clefts become closed, whilst no branchiae are ever developed 
upon the visceral arches. 

The limbs of Vertebrate animals are always articulated to 
the body, and they are always turned away from the neural 
aspect of the body. They may be altogether wanting, ‘ or they 
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may be partially undeveloped ; but there are never more than 
two pairs, and they always have an internal skeleton for the 
attachment of the muscles of the limb. 

A specialised blood- vascular or “ haemal system is present 
in all the Vertehrata ; and in all except one — the AmJ»/iwxus — 
there is a contractile cavity or heart, which never consists of 
less than two chambers provided with valvular apertures. In 
all the Vertebrata the heart is essentially a respiratory heart — 
that is to say, it is concerned with driving the impure or venous 
blood to the breathing organs; and in its simplest form (fishes) 
it is nothing more than this. In the higher Vertebrates, how- 
ever, there is superadded to this a pair of cavities which are 
concerned in driving the pure or arterial blood to the body. 
In the case of the Mammals, these two circulations are often 
spoken of as the ‘Messer” or “pulmonary” circulation, and 
the “greater” or “systemic” circulation. 

In all Vertebrates there is that peculiar modification of the 
venous system which is known as the “hepatic portal system.” 
That is to say, a portion of the blood which is sent to the ali- 
mentary canal, instead of returning to the heart by the ordinary 
veins, is carried to the liver by a special vessel — the vena 
portce—\A\\c\\ ramifies through this organ after the manner of 
an artery. 

In all Vertebrates, also, is found the peculiar system of ves- 
sels known as the “lacteal system.” This is to be regarded 
as an appendage of the venous system of blood vessels, and 
consists of a series of vessels which take up the products of 
digestion from the alimentary canal, elaborate them, and finally 
empty their contents into the veins. 

Lastly, the masticatory organs of Vertebrates are modified 
portions of the walls of the head, and never “ hard productions 
of the alimentary mucous membrane, or modified limbs ” (Hux- 
ley), as they are amongst the Invertebrata. 

The above are the leading characters of the Vertebrata as a 
whole ; but before going on to consider the primary divisions 
of the sub-kingdom, it may be as well to give a very brief and 
general description of the anatomy of the higher and more 
typical Vertebrates, commencing with their bony framework, 
or skeleton. 

The skeleton of the Vertebrata may be regarded as consisting 
essentially of the bones which go to form the head and trunk 
on the one hand (sometimes called the “ axial ” skeleton), and 
of those which form the supports for the limbs (“ appendicular ” 
skeleton) on the other hand. The bones of the head and 
trunk nmy be looked upon as essentially composed of a series 
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of bony rings or segments, arranged longitudinally, one behind 
the other. Anteriorly these segments are much expanded, and 
likewise much modified, to form the bony case which encloses 
the brain, and which is termed the cranium or skull. Behind 
the head the segments enclose a much smaller cavity, which is 
called the “neural” or spinal canal, as it encloses the spinal 
cord ; and they are arranged one behind the other, forming 
the vertebral column. The segments which form the vertebral 
column are called “vertebrae,” and they have the following 
general structure : Each vertebra (fig. 240, A) consists of a cen- 



A, Lumbar vertebra of a Whale: c Body or centrum ; «« Neural arches ; 
j Weural spine ; rtrt Articular processes; dd Transverse processes. B, Diagram of 
a thoracic vertebi a: c Centrum; «« Neural arches enclosing the neural canal ; s 
« eural spine ; r r Ribs, assisting in the formation of the haemal arch ; p p Costal car- 
tilages ; b Sternum, with haemal spine. (After Owen.) 


tral piece, which is the fundamental and essential element of 
the vertebra, and is known as the “ body ” or “ centrum ” (^). 
From the upper or posterior surface of the centrum spring two 
bony arches (11 «), which are called the “ neural arches ” or 
“ neurapophyses,” because they form with the body a canal — 
the “ neural canal ” — which encloses the spinal cord. From 
the point where the neural arches meet behind, there is usually 
developed a longer or shorter spine, which is termed the “ spi- 
nous process,” or “neural spine” (j). From the neural arches 
there are also developed in the typical vertebra two processes 
(a a)j which are known as the “ articular ” processes, or “ zyga- 
pophyses. ’ The vertebrae are united to one another partly by 
these, but to a greater extent by the bodies or “ centra.” From 
the sides of the vertebral body, at the point of junction with 
the neural arcl^, there proceed two lateral processes (dd\ 
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which are known as the ‘‘ transverse processes.’* (In the typi- 
cal vertebra the transverse processes consist each of two pieces, 
an anterior piece or “ parapophysis,” and a posterior piece or 
‘‘diapophysis.**) These elements form the vertebra of the 
human anatomist, but the “ vertebra ** of the transcendental 
anatomist is completed by a second arch which is placed be- 
neath the body of the vertebra, and which is called the “ hae- 
mal ** arch, as it includes and protects the main organs of the 
circulation. This second arch is often only recognisable with 
great difficulty, as its parts are generally much modified, but a 
good example may be obtained in the human chest, or in the 
caudal vertebra of a bony fish. 

The haemal arch in the case of the human thorax (fig. 240, 
B) is formed by the ribs (rr) and the costal cartilages {p p\ 
and is completed in front by the breast-bone or sternum {b)y 
which in some cases — but not in man — develops a spine (the 
haemal spine) which corresponds to the neural sjjine on the 
opposite aspect of the vertebra. 

it follows from the above, that the typical vertebra consists 
of a central piece or body from which two arches are given off, 
one of which protects the great masses of the nervous system, 
and is therefore said to be “ neural ; ** whilst the other protects 
the main organs of the circulation, and is therefore said to be 
“ hicmal.** The correspondence of the typical bony segment 
or vertebra with the doubly tubular structure of the body in all 
Vertebrates is thus too obvious to require to be specially 
pointed out. 

As a general rule, the vertebral column is divisible into a 
number of distinct regions, of which the following are recog- 
nisable in man and in the higher Vertebrata : i. A scries of 
vertebrae which compose the neck, and constitute the “ cervical 
region** of the spine (fig. 241, ;/). 2. A number of vertebrae 

which usually carry well-developed ribs, and form the “ dorsal 
region ** {d), 3. A series of vertebree which form the region 

of the loins, or “lumbar region** (/). 4. A greater or less 

number of vertebrae which constitute the “ sacral region,** and 
are usually amalgamated or “ anchylosed ** together to form 
a single bone, the “ sacrum.** 5. The spinal column is com- 
pleted by a variable number of vertebrae which constitute the 
“caudal** region, or tail (c). 

As regards the skull of the Vertebratay it has been thought 
advisable not to enter into any general details here, partly 
because the subject is one which can only be properly dis- 
cussed in a work specially devoted to Human or Comparative 
Anatomy,*and partly because there is still muGh diversity of 

2 F 
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opinion as to the exact composition of the skull. There is, 
however, a very general concurrence of opinion that the skull 
is composed of a series of separate segments, and this is a 
point which it is important to remember. By Owen, and by 
many other competent authorities, these cranial segments are 
looked upon as being nothing more than so many vertehrce^ 
the neural canals of which are greatly expanded to enclose 
the brain, whilst the haemal arches are very greatly modified to 
serve different purposes. This view is not accepted by high 



Fig. 241. — Skeleton of an Armadillo, showing the regions of the vertebral colunni. < 
Cervical region ; d Dorsal region ; I Lumbar region ; s Sacral region ; t Caudal 
region or tail. 


authorities ; but the general fact that the skull is composed of 
separate segments is universally admitted. The only portion 
of the bony framework of the head which it is absolutely 
essential to understand, is the lower jaw or ‘‘mandible.^' The 
lower jaw is sometimes wanting, but when present, it consists 
in all Vertebrata of two halves or ‘‘ rami,” which are united to 
one another in front, and articulate separately with the skull 
behind. In many cases, each half, or ‘‘ ramus,” of the lower 
jaw consists of several pieces united to one another by sutures; 
but in the Mammalia each ramus consists of no more than a 
single piece. Th^ two rami are very variously connected with 
one another, being sometimes only joined by ligaments and 
muscles, sometimes united by cartilage or by bony suture, and 
sometimes fused or anchylosed with one another, so as to leave 
no evidence of their true composition. The mode by which 
each ramus of the lower jaw articulates with the skull also 
varies. In the Mammalia the lower jaw articulates with a 
cavity formed on what is known to human anatomists as the 
temporal bone; but in Birds and Reptiles. the lower ‘jaw articu- 
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lates with the skull, not directly, but by the intervention of 
special bone, known as the “ quadrate bone ” or os qiiadratum. 

As regards the limbs of Vertebrates, whilst many differences ^ 
exist, which will be afterwards noticed, there is a general 
agreement in the parts of which they 
are composed. As a rule, each pair of 
limbs is joined to the trunk by means 
of a series of bones which also corre- 
spond to one another in general struc- 
ture. The fore-limbs, often called the 
‘‘pectoral” limbs, are united with the 
trunk by means of a bony arch, which 
is called the “pectoral” or “scapular” 
arch ; whilst the hind-limbs are simi- 
larly connected with the trunk by means 
of the “ pelvic arch.” In giving a gen- 
eral description of the parts which com- 
pose the limbs and their supporting 
arches, it will be best to take the case 
of a Mammal, and the departures from 
this type will then be readily recognised. 

The pectoral or scapular arch consists 
usually of three bones, the “scapula” 
or shoulder-blade, the “ coracoid,” and 
the “clavicle” or collar-bone; but in 
the great majority of the Mammals, the / 
coracoid is anchylosed with the scapula, 
of which it forms a mere process. The 
scapula or shoulder-blade (fig. 242, s) is 
usually placed outside the ribs, and it Fig. 242.— rectorai limb (unn; 
forms, either alone or in conjunetion with f cST'/lcapSr oi 

the coracoidal element of the shoulder- slioulder-blAde ; h Humerus ; 

" ji .1 •. •.'I 1*1 A.1 ^ l^Hclius \ ti Ulnn I <i Bones 

girdle, the cavity with which the upper of the wrist, or carpus; m 
arm is articulated. The coracoid, Metacarpus Phalanges of 
though rarely existing as a distinct 

bone in the Mammals, plays a very important part in other 
Vertebrates, as we shall see hereafter. The clavicles are often 
wanting or rudimentary, and they are the least essential ele- 
ments of the scapular arch. The fore-limb proper consists, 
firstly, of a single bone which forms the upper arm (or 
“ brachium ”), and which is known as the humerus {h). This 
articulates above with the shoulder-girdle, and is followed 
below by the fore-arm (or “ antibrachium ”), which consists of 
two bones called the radius and ulna. Of these the radius is 
chiefly coAcerned with carrying the hand (or “ manus ”). The 
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radius and ulna are followed by the bones of the wrist, which 
are usually composed of several bones, and constitute what is 
called the carpus (d). These support the bones of the root of 
the hand, which vary in number, but are always more or less 
cylindrical in shape. They constitute what is called the fueta- 
carpus. The bones of the metacarpus carry the digits, which 


also vary in number, but are composed each of from two to 
three cylindrical bones, which are known as the phalanges (/). 
Homologous parts are, as a rule, readibly recognisable in the 
hind-limb. The pelvic arch, by which the hind- 
limb is united with the trunk, consists of three 
\ pieces — the ischium^ and pubes — which are 

i aHw usually anchylosed together, and form conjointly 
jSf what is known as the irmominate hone (fig. 243, i). 

In most Mammals, the two innominate bones 
unite in front by ligamentous or cartilaginous 
wl union, and they constitute, with the sacrum, 

known as the pelvis. The hind-limb 
M proper consists of the following parts : — i. The 

Ipl thigh-bone or femur^ corresponding with the 

humerus in the fore-limb. 2. The bones of 
Qn the shank (or crus ”), corresponding with the 

wiW radius and ulna of the fore-limb, and known as 

the libia and fibula. Of these, the tibia is 
r *•' ij I • ^ mainly or altogether concerned in carrying the 
Ml foot (or “pes*’), and it is thus shown to corre- 
spond to the radius, whilst the fibula corresponds 
to the ulna. 3. The small bones of the ankle, 
/// , known as the tarsus^ and varying in number in 

Mm ^ different cases. 4. A variable number of cylin- 
llfw ^ drical bones (normally five), which are called 
\ .. the metatarsus^ and which correspond to the 

^ metacari)iis. 5. Lastly, the metatarsus carries 


F,v.. 243. — Pelvic the digits, which consist of from two to three 
chimpSi bones or phalanges^ as in the fore-limb, 

(after Owen). / Thc digestivc sysfcm of Vertebrates will be 
/Femir“oMhSghi spokcti of at greater length hereafter; but a 
' * brief sketch may be given here of the general 

m Metatarsus; > phenomena of digestion. All Vertebrate am- 
Phalanges of the j^^ls are provided with a mouth for the recep- 
tion of food, and in the great majority of cases 
the mouth is furnished with teeth^ which are used sometimes 


merely to hold the prey, but more commonly to cut and bruise 
the food, and thus render it capable of digestion. The food is 
also generally subjected in the mouth to the action '‘of “ saliv- 
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ary glands, the secretion of which serves not only to moisten 
the food, and thus mechanically assist deglutition, but also to 
render soluble the starchy elements of the food. The food is 
next swallowed, or, in other words, is transferred from the 
mouth to the stomach, this being effected by a complicated 
arrangement of muscles, whereby the food is forced down the 
gullet {cssophagus) to the proper digestive cavity or stomach. 
In the stomach (fig. 244, s) the food is subjected to two sets of 
actions ; it is mechanically triturated 


and ground down by the constant 
contractions of the muscular walls 
of the stomach ; and it is subjected 
to the chemical action of a special 
fluid secreted by the stomach, and 
called the “gastric juice.” This 
fluid has the power of reducing 
albuminoid substances to a soluble 
form, and by its action the food is 
ultimately reduced to a thick acid 
fluid, called the “chyme.” Leav- 
ing the stomach by its lower aper- 
ture (the pylorus), the chyme passes 
into the intestine, the first portion 
of which is divided into several 
sections, but is collectively known 
as the “ small intestine.” Here the 
chyme is subjected to the action of 
three other digestive fluids ; the bile, 
secreted by a special organ, the 
liver ; the pancreatic juice, secreted 
by another gland, the pancreas ; 
and the intestinal juice, secreted by 



certain glands situated in the muc- Fig. 244.— Di.igram of the digestive 
ous membrane of the intestine itself, f sSLI’ch* mteSine: 


The result of the whole process is 
that the “ chyme ” is ultimately 


Im Large intestine ; r Rectum, 
terminating in the aperture of the 
anus. 


converted into a white, alkaline, 

milky fluid, which is called “ chyle.” The indigestible portions 
of the food pass from the small intestine into a tube of larger 
dimensions, called the “ large intestine.” Such portions of the 
food as are still soluble, and capable of being employed in 
nutrition, are here taken up into the blood, the useless 
remainder being ultimately expelled by an anal aperture. The 
last portion of the large intestine is usually less convoluted 
than the test, and is called the “ rectum.” 
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The fluid and originally soluble portions of the food, and the 
chyle which is formed in the process of digestion, are taken into 
the blood, the losses of which they serve to repair. Part of 
the nutritive materials of the food is taken up directly by the 
blood-vessels, and is conveyed by the “vena portae” to the 
liver, whence it ultimately reaches the great veins which go to 
the heart. The greater part, however, of the liquefied food, 
constituting the chyle, is taken up, not by the blood-vessels, 
but by a special set of tubes, which form a network in tlie 
walls of the intestine, and are known as the “lacteals.” In 
these vessels, and in certain glands which are developed upon 
them, the chyle undergoes still further elaboration, and is made 
more similar in composition to the blood itself. All the lacteal 
vessels ultimately unite into one or more large vessels which 
open into one of the veins, so that all the chyle is thus finally 
added to the mass of the circulating blood. 

The bloody then, or nutrient fluid from which the tissues arc 
built up, is formed in this way out of the materials which arc 
taken into the alimentary canal as food. In all the Vertebrata, 
with the single exception of the I^ancelet {Amphtoxus\ tlie 
blood is of a red colour when viewed in mass. This is due 
to tlie presence in it of an incredible number of microscoj)ical 
bodies, which are known as the “ blood-corpuscles,” the fluid 
in which these float being itself colourless (fig. 245). 

In all the Vertebrata the blood is distributed through the 
body by means of a system of closed tubes, which constitute 



Fig. 245. — Blood-corpusclcs of Vertebrata. a Red blood-discs of man ; b Ulood- 
discs of Goose ; c Crocodile ; d Frog ; e Skate. 


the “ blood-vessels; ” and in all except the Lancelet, the means 
of propulsion are derived from a contractile muscular cavity 
or “heart,” furnished with valvular apertures. In the most 
complete form of circulation, as seen in Birds and Mammals, 
the heart is essentially a double organ, composed of two 
halves, each of which consists of two cavities, an auricle and 
a ventricle. The right side of the heart is wholly concerned 
with the lesser ” or pulmonary circulation, whilst the left 
side is concerned with driving the blood to all parts of the 
body (systemic circulation). The modifications of the circula- 
tory process will be noticed in speaking of the different classes 
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of Vertebrates, but a brief sketch maybe given here of the 
circulation, in its most complete form, as in a Mammal. In 
such a case, the venous or impure blood, which has circulated 
through the body and has parted with its oxygen, is returned 
by the great veins to the right auricle. From the right auricle 
(fig. 246, a) the blood passes by a valvular aperture into the 


right ventricle (7/), whence it is driven 
through the pulmonary artery to the 
lungs. The right side of the heart is 
therefore wholly respiratory in its func- 
tion. Having been submitted to the 
action of the iungs, and having given 
off carbonic acid and taken up oxygen, 
the blood now becomes arterial, and 
is returned by the pulmonary veins to 
the left auricle (a'), From the left aur- 
icle the aerated blood passes through 
a valvular aperture into the left ven- 
tricle (7/), whence it is propelled to all 
parts of the body by means of a great 
systemic vessel, the aorta. The left 
side of the heart is therefore wholly 
occupied in carrying out the “ greater ” 
or systemic circulation. 

The purification of the blood is car- 
ried out in all Vertebrates by means of 
distinct respiratory organs, assisted to 
a greater or less extent by the skin. 
In the Fishes, and in the Amphibians 
to some extent, the process of respira- 
tion is carried on by means of branchice 



Fig. 246. — Diagram of the cir- 
culation of a Mammal. The 
venous system is marked 
black ; the arterial system is 
left white, a Right auricle ; 
V Right ventricle | / Pulmo- 
nary artery, carrying venous 


or gills — that is, by organs adapted 
for breathing air dissolved in water. 
These are therefore often spoken of as 
“ Branchiate Vertebrates ; but the 
Amphibians always develop true lungs 
in ihe later stages of their existence. 


blood to the lungs ; pv Pulmo- 
nary veins, carrying arterial 
blood from the lungs ; a! Left 
auricle ; r/ Left ventricle ; b 
Aorta, carrying arterial blood 
to the body; c Vena ca\a, 
carrying venous blood to the 
heart. 


In :he Reptiles, Birds, and Mammals, branchiee are never 


developed, and the respiration is always carried on by means 
of tme lungs — that is, by organs adapted for breathing air 
directly. These are therefore often spoken of as the ** Abran- 
chiate” Vertebrates. 


Tie waste substances of the body — of which the most im- 
portant are water, carbonic acid, and urea— are got rid of by 
the iin,*lungs, and kidneys. Under ordinary circumstances. 
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the lungs are mainly occupied with the excretion of carbonic 
acid and watery vapour. The skin chiefly gets rid of super- 
fluous moisture, but can also in many animals excrete carbonic 
acid as well. The kidneys are present in almost all Vertebrate 
animals, and their function is mainly to excrete water, and the 
nitrogenous substance known as urea. In the majority of 
cases the fluid excreted by the kidneys is conveyed to the 
exterior by means of two tubes known as the ureters, which 
empty themselves into a common receptacle, the urinary blad- 
der. In some cases, however, the ureters open into the ter- 
mination of the alimentary canal (rectum). 

The nervous system of Vertebrate animals usually exhibits 
a well-marked division into two parts — the cerebro-spinal sys- 
tem, and the sympathetic system. The cerebro-spinal system 
of nerves constitutes the great mass of the nervous system of 
Vertebrates, and usually exhibits a well-marked separation 
into spinal cord {myelon) and brain (encephalon). The propor- 
tion borne by the brain to the spinal cord differs mucli in dif- 
ferent cases ; and in the Lancelet a brain can hardly be said 
to be present at all. As already said, the brain and spinal 
cord are always completely shut off from the visceral cavity, 
and they are placed upon the dorsal surface of the body. The 
nerves given off from the cerebro-spinal axis are symmetrically 
disposed on the two sides of the body, and they are mainly 
concerned with the functions of “ animal ” life — that is to say, 
with sensation and locomotion. The sympathetic system of 
nerves is unsymmetrically disposed to a greater or less extent, 
and presides mainly over the functions of “ organic'* oi “ vege- 
tative ” life, being chiefly concerned with regulating the func- 
tions of digestion and respiration, and the circulation of the 
blood. In its most fully developed form it consists of a double 
gangliated cord placed in the visceral cavity on the under sur- 
face of the spine, and of a series of nervous ganglia, united by 
nervous cords, and scattered chiefly over the great viscera of 
the thorax and abdomen. 

The organs of the senses are well developed in the Vertehrata^ 
and those appropriated to the senses of sights hearings snelly 
and taste are protected within bony cavities of the head. The 
perfection of the senses differs much in different cases, but ;hey 
are probably never wholly wanting in any Vertebrate anhial. 
There are cases in which vision must be of the most rudimen- 
tary character ; but even in these cases it is probable that :here 
is a perception of light, even if there is no power of distingiish- 
ing objects. The only cases in which it would appear.that 
vision is really altogether absent, are those of animals phced 
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under the wholly abnormal condition of spending their exist- 
ence in darkness (such as the Proteus anguinus of the caves of 
Jllyria). Smell, hearing, and taste are probably rarely, if ever, 
altogether absent in Vertebrates ; though in many cases their 
organs are very rudimentary. Touch, or tactile sensibility,” 
is usually possessed to a greater or less degree by the entire 
surface of the body ; but the sense of touch is generally localised 
in certain particular parts, such as the appendages of the mouth, 
the lips, the tongue, or the digits. 

In all Vertebrata without exception reproduction is carried 
on by means of the sexes, and in all (except in some of the 
SerranidcB among the Fishes) the sexes are in different indivi- 
duals. No vertebrate animal possesses the power of reproduc- 
ing itself by fission or gemmation ; and in no case are compo- 
site organisms or colonies produced. Most of the Vertebrates 
are oviparous — that is to say, the oi'a are expelled from the 
body of the parent either before or very shortly after impreg- 
nation. In other cases, the eggs are retained within the body 
of the parent until the young are hatched, but no direct con- 
nection is formed between the feetus and the mother, and in 
these cases the animals are said to be ovo viviparous. In other 
cases, again, not only is the egg hatched within the parent, but 
the embryo is retained within the body of the mother, from 
whom it receives nourishment by direct vascular connection, 
until its development has been carried out to a greater or less 
extent ; and these animals are said to be viviparous. 

Many vertebrate animals possess an exoskeleton, formed by 
a hardening of one or other layer of the integument. The 
integument is composed of two layers — an external non-vascu- 
lar “epidermis,” and a deeper vascular “dermis” — and the 
exoskeleton may be formed by the deposition of horny matter, 
or of salts of lime, in either or in both of these. The epider- 
mal exoskeleton is always horny, and, when present, is gener- 
ally in the form of hairs {Mammalia), feathers (Birds), scales 
(serpents and many lizards), or plates (Chelonians). The 
horny sheaths of the jaws in Birds and some Reptiles, the 
outer covering of the horns in some Mammals, the hoofs, 
claws, and nails of Mammalia, are likewise epidermic. The 
dermal exoskeleton may be either horny or bony ; and good 
examples of it are to be found in the scales of fishes, the bony 
scutes of the Crocodiles, and the armour-plates of the Arma- 
dillos. 

Divisions of the Vertebrata. — The sub-kingdom Ferte- 
brata is divided into the five great classes of the Fishes 
{Pisces), •Amphibians {Amphibia), Reptiles {Reptilia), Birds 
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{Aves\ and Mammals (Mamma/ia), So far there is perfect 
unanimity ; but when it is inquired into what larger sections 
the Vertebrata may be divided there is much difference of 
opinion. Here, the divisions proposed by Professor Huxley 
will be adopted ; but it is necessary that those employed by 
other writers should be mentioned and explained. 

One of the commonest methods of classifying the Verfe- 
brata is to divide tliem into the two primary sections of the 
Branchiata and Abranchiata. Of these, the Branchiate sec- 
tion includes the Fishes and Amphibians, and is characterised 
by the fact that the animal is always provided at some period 
of its life with bran chine or gills. The Abranchiate section 
includes the Reptiles, Birds, and Mammals, and is character- 
ised by the fact that the animal is never provided at any time 
of its life with gills. Additional characters of the Branchiate 
Vertebrates are, that the embryo is not furnished with the 
structures known as the amnion and allantois. Hence tlie 
Branchiate Vertebrates are often spoken of as the Anamniota 
and as the Analla7itoidea. In the Abranchiate Vertebrates, 
on the other hand, the embryo is always provided with an 
amnion and allantois, and hence this section is spoken of as 
the Amniota or as the A/lantoidea,^ 

By Professor Owen the Vertebrata arc divided into the two 
primary sections of the HcEniatocrya and the Hceinatotherma^ 
the characters of the blood being taken as the distinctive 
character. The Hcematocrya or Cold-blooded Vertebrates 
comprise the Fishes, Amphibia, and Reptiles, and are charac- 
terised by their cold blood and imperfect circulation. The 
Hcematotherffia or Warm-blooded Vertebrates comprise the 
Birds and the Mammals, and are characterised by their hot 
blood, four-chambered heart, and complete separation of the 
pulmonary and systemic circulations. The chief objection to 
this division lies in the separation which is effected between 


* The amnion (fig. 259, C) is a membranous sac, containing a fluid— the 
liquor amnii — and completely enveloping the embryo. It constitutes 
one of the so-called “ foetal membranes,” and is thrown 6ff at birth. The 
allantois (fig. 239, C) is an em]>ryonic structure, which is developed out of 
the middle or “vascular” layer of the germinal membrane. It appears at 
first as a solid, pear-shaped, cellular mass, arising from the under part of 
the body of the embryo. In the process of development, the allantois in- 
creases largely in size, and becomes converted into a vesicle which envelops 
the embryo in part or wholly. It is abundantly supplied with blood, and 
is the organ whereby the blood of the foetus is aerated. The part of the 
allantois which is external to the body of the embryo is cast off at birth ; 
but the portion which is within the body is retained, and is converted into 
the urinary bladder. *’ 
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the Reptiles and the Birds, two classes which are certainly 
very nearly allied to one another. 

By Professor Huxley the Vertebraia are divided into the 
following three primary sections : — 

I. IcHTHYOPSiDA. — This section comprises the Fishes and 
t]ic Amphibians, and is characterised by the presence at some 
period of life of gills or branchiae, the absence of an amnion, 
the absence or rudimentary condition of the allantois, and the 
possession of nucleated red blood-corpuscles. 

I I. Sauropsida. — This section comprises the Birds and the 
Reptiles, and is characterised by the constant absence of gills, 
the possession of an amnion and allantois, the articulation of 
the skull with the vertebral column by a single occipital con- 
dyle ; the composition of each ramus of the lower jaw of seve- 
ral pieces, and the articulation of the lower jaw with the skull 
by the intervention of an os quadratum ; ’’ and, lastly, the 
possession of nucleated red blood-corpuscles. 

III. Mammalia. — This section includes the single class of 
the Mammals, and agrees with the preceding in never possess- 
ing gills, and in having an amnion and allantois. The Jlfcrm- 
vial in ^ however, differ from the Sauropsida in the fact that the 
skull articulates with the vertebral column by two occipital 
condyles ; each ramus of the lower jaw is simple, composed of 
a single piece, and the lower jaw is united with the temporal 
(squamosal) element of the skull, and is not articulated to a 
quadrate bone. There are special glands — the mammary 
glands — for the nourishment of the young for a longer or 
shorter period after birth, and the red blood-corpuscles are 
n on-nucleated. 
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CHAPTER LI. 

CLASS L— PISCES. 

The first class of the Ve 7 lehrata is that of the Fishes (Pisces), 
which may be broadly defined as including Vertebrate afiimals 
which are provided with gills throughout the whole of life; the 
hearty Tcdien present^ cotisists (except m Dipnoi) of a single auricle 
and a single ventricle ; the blood is cold ; the linibs^ 70 hen present, 
are in the form of fins, or expansions of the in teguniejit ; and there 
is neither an amnion nor allantois in the embryo, unless the latter 
is 7 'epresented by the urinary bladder. 

In form, Fishes are adapted for rapid locomotion in water, 
the shape of the body being such as to give rise to the least 
possible friction in swimming. 

To this end also, as well as for 
purposes of defence, the body 
is usually enveloped with a coat- 
ing of scales developed in the 
inferior or dermal layer of the 
skin \ whereas the epidermis is 
represented only by the slimy 
mucus covering the exterior of 
the animal. The more impor- 
tant modifications in the form 
of these dermal scales are as 
follows: I. Cycloid scales (fig. 

247, a), consisting of thin, 
flexible, horny or bony scales, 
circular or elliptical in shape, 
and having a more or less com- 
pletely smooth outline. These 
are the scales which are charac- 
teristic of the most of the ordinary bony fishes. 11 . Ctenoid 
scales (ig. 247, b), also consisting of thin horny plates, but 



Fig. 247. — Scales of different fishes, n 
Cycloid scale (Pike); h Ctenoid scale 
(Perch); c Placoid scale ('rhornhack) ; 
d Placoid scale of Rhinal e Ganoid 
scales {Palaonisats). 
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having their posterior margins fringed with spines, or cut into 
comb-like projections. III. Ganoid scales, composed of an 
inferior layer of bone, covered by a superficial layer of hard 
polished enamel (the so-called “ganoinc”). These scales 
(fig. 247, c) are usually much larger and thicker than the 
ordinary scales, and though they are often articulated to one 
another by special processes, they only rarely overlap. IV. 
Placoid scales, consisting of detached bony or dentinal grains, 
tubercles, or plates, of which the latter are not uncommonly 
armed with spines (fig. 247, c and d). 

In most fishes there is also to be observed a line of peculiar 
scales, forming what is called the “lateral line.” Each of the 
scales in this line is perforated by a tube leading down to a 
longitudinal canal wliich runs along the side of the body, and 
is connected with cavities in the head. The function of this 
singular system has been ordinarily believed to be that of 
secreting the mucus with which the surface of the body is cov- 
ered ; but this is certainly erroneous, and it seems to be more 
probably sensory in function, and to be connected with the 
sense of touch. 

As regards their true osseous system or endoskeleton. Fishes 
vary very widely. In the Lancelet there can hardly be said to 
be any skeleton, the spinal cord being simply supported by 
the gelatinous notochord, which persists throughout life. In 
others the skeleton remains permanently cartilaginous ; in 
others it is partially cartilaginous and partially ossified ; and, 
lastly, in most modern fishes it is entirely ossified, or converted 
into bone.* Taking a bony fish (fig. 248) as in this respect a 
typical example of the class, the following are the chief jioints 
in the osteology of a fish which require notice : — 

The vertebral colimn in a bony fish consists of vertebrae, which 
are hollow at both ends, or biconcave, and are technically said 
to be “ amphicoelous.” The cup-like margins of the vertebral 
bodies are united by ligaments, and the cavities formed between 
contiguous vertebrae are filled with the gelatinous remains of 
the notochord. This elastic gelatinous substance acts as a 
kind of ball-and-socket joint between the bodies of the verte- 
brae, thus giving the whole spine the extreme mobility which is 
requisite for animals living in a watery medium. The ossifi- 
cation of the vertebrae is often much more imperfect than the 
above, but in no case except that of the Bogy^ ^ Pike (Lebidos- 
teus)\% ossification carried to a greater extent than this. In 

* The so-called “ bone ” of the skeleton of Fishes is only occasionally 
true osseous tissue. In a great many instances it is a homogeneous or tubu- 
lar, bone-like substance, or it may resemble genuine dentine. 
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this fishj however, the vertebral column is composed of “ opis- 
tlToc(xIous vertebrae— that Is, of vertebrae, the bodies of which 
are concave Miind aiid; convex Jii front. The entire spinal 
column is divisible into not more than two distinct regions, an 
region. The abdominal vertehrap. .pos- 
sess a superior or neuxaLarcli. (througli which passes the spinal 
cord), a superior spinous process (neural spjpe), imdjwo trans- 
verse processes to which the ribs are usually attached. The 
caudal vertebrae (fig. 248) have no marked transver se processes ; 



248.— Skeleton of the common {Perea Jluviatilis). / One of the pectoral 

fins ; One of tlie ventral fins ; a Anal fin, snpportetl upon interspinous hones (/); e 
Caudal fin ; First dorsal fin ; <i' Second dorsal fin, both supported upon interspinous 
bones ; /' t Interspinous bones ; r Ribs; j Spmous processes of vertebrae; 4 Haemal 
processes of vertebrae. 


but, in addition to the neural arches and spines, they give off 
an inferior or hcemal arch below the body of the vertebrie, and 
the haemal arches carry inferior spinous processes. , (hsen ial 
spines). 

The ribs of a bony fish are attached to the transverse pro- 
cesses, or to the bodies of the abdominal vertebrae, in the form 
of slender curved bones which articulate with no more than 
one vertebra each, and that only at a single point. Unlike the 
ribs of the higher Vertebrates, the ribs do not enclose a thoracic 
cavity, but are simply embedded in the muscles which bound 
the abdomen. Usually each rib gives off a spine-like bone, 
which is directed backwards amongst the muscles. Inferiorly 
the extremities of the ribs are free, or are rarely united to der- 
mal ossifications in the middle line of the abdomen ; but there 
is never any breast-bone or sternum properly so called. 

The only remaining bones connected with the skeleton of 
the truifk are the so-called interspinous bones (fig. 248, i /). 



464 


MANUAL OF ZOOLOGY. 


These form a series of dagger-shaped bones, plunged in the 
middle line of the body between the great lateral muscles 
which make up the greater part of the body of a fish. The 
internal ends or points of the interspinous bones are attached 
by ligament to the spinous processes of the vertebrae ; whilst 
to their outer ends are articulated the “ rays of the so-called 

median fins, which will be hereafter described. As a rule, 
there is only one interspinous bone to each spinous process, 
but in the Flat-fishes (Sole, Turbot, &c.) there are two. 

Besides the fins which represent the limbs (pectdral and 
ventral fins), fishes possess other fins placed in the middle line 
of the body, and all of these alike are supported by bony spines 
or rays,** which are of two kinds, termed respectively “ spinoio^j 
rays ’* and soft rays.** The “ spinous rays ** are simple bony 
spines, apparently composed of a single piece each, but really 
consisting of two halves firmly united along the middle line. 
The “ soft rays ** are composed of several slender spines pro- 
ceeding from a common base, and all divided transversely into 
numerous short pieces. The soft rays occur in many fishes in 
different fins, but they are invariably found in the caudal fin or 
tail (fig. 248, c). The rays of the median fins, whatever their 
character may be, always articulate by a hinge-joint with the 
heads of the interspinous bones. 

The skill/ of the bony fishes is an extremely complicated 
structure, and it is impossible to enter into its composition 
here. The only portions of the skull which require special 
mention are the bones which form the gill-cover or operculum, 
and the hyoid bone with its appendages. For reasons con- 
nected with the respiratory process in fishes, as will be after- 
wards seen, there generally exists between the head and the 
scapular arch a great cavity or gap on each side, within which 
are contained the branchise. The cavity thus formed opens 
externally on each side of the neck by a single vertical fissure 
or ‘‘ gill-slit,*' closed by a broad flap, called the “ gill-cover ** or 

operculum,*’ and by a membrane termed the “ branchiostegal 
membrane.** 

The gill-cover (fig. 249, o, j, i) is composed of a chain of broad flat 
bones, termed the opercular bones. Of these, the innermost articulates with 
the skull (tympano-mandibular arch), and is called the “ prae-operculum ; ” 
the next is a large bone called the “ operculum ” proper ; and^the remain- 
ing two bones, called respectively the “ sub-operoilum ” and iiiter-oper- 
culum,” form, with the operculum proper, 'the edge of the gill-cover. 
These various bones are united together by membrane, and they form col- 
lectively a kind of movable door, by means of which the branchial cham- 
ber can be alternately opened and shut. Besides the gill-cover, however, 
the branchial chamber is closed by a membrane called the ** braachiostegal 
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membrane,” which is attached to the os hyoides. The meiyibranc is 
supported and spread out by a number of slender curved spines, which 
are attached to the lateral branches of the hyoid bone, act very much 
as the ribs of an umbrella, and are known as the ‘‘brunchiostegal rays” 
(fig. 249, (i). 

The hyoid arch of fishes is attached to the temporal bones of the skull 
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Fig. 249. — Skull of Cod {Morrhua vulgarly — Cuvier, a Urohyal ; h Sa^ihyal ; c 
Ceratohyal; d Branchiostegal rays ; / Pra-operculum ; o Operculum proper; jSub- 
opcrculum ; i Inter-operculum ; m Mandible ; w Inter-maxillary bone. 

by means of two slender styliform bones, which correspond to the styloid 
processes of man, and are called the “ stylohyal ” bones (fig. 250,/). The 
rest of the hyoid arch is composed of a central portion and two lateral 
branches. Each branch is composed of the following parts : i. A tri- 
angular bone attached above to the stylohyal, and termed the “epihyal 
bone” (fig. 250, ^) ; 2. A much longer bone, known as the “ceratohyal” 
{d). The central portion of the hyoid ardh is made up of two small poly- 
hedral bones — the “basihyals” { 1 ). From the basihyal there extends 
fonuards in many fishes a slender bone, which supports the tongue, and is 
termed the “glossohyal” or “lingual” {a). There is also another com- 
pressed bone which extends backwards from the basihyals, and which is 
known as the “urohyal bone” (i). This last-mentioned bone is of im- 
portance, as it often extends backwards to the point of union of the cora- 
coid bones, and thus forms the isthmus which separates the two branchial 
apertures. 

From the outer margins of the epihyal and ceratohyal bones on each side 
arise the slender curved “branchiostegal rays,” which have been previously 
mentioned. There are usually seven of these on each side. Above the 
urohyal, an(> attached in front to the body of , the os hyoides, is a chain of 
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bones, placed one behind the other, and termed by Owen the ‘‘ basibran- 
chial bones.” Springing from these are four bony arches — the “branchial 
arches ” — which proceed upwards to be connected superiorly by ligament 
with the under surface of the skull. The branchial arches — as will be sub- 
sequently described — carry the branchix, and each is composed of two 
main pieces, termed respectively the “ cerato - branchial” and “ epi- 



Flg. 250. — Os hyoides, branchlostegal rays, and scapular arch of the Perch (after 
Cuvier).^ ss Supra-scapula ; j papula ; ca Cpracoid ; cl Supposed representative of 
the clavicle ; a Glossohyal bf>ne ; b Itasihyal^ l^hyal ; d Ceratohyal ; c Epihyal ; 
f Stylohyal ; br Branchial arches ; t Branchiostegal rays. 

branchial ” bones. The second and third arches arc connected with the 
skull by the intervention of two small bones, often called the “superior 
pharyngeal bones,” but termed by Owen the “ pharyngo - branchial” 
bones. 

The limbs of fishes depart considerably from the typical form 
exhibited in the higher Vertebrates. One or both pairs of 
limbs may be wanting, but when present the limbs are almost 
always in the form olfins — that is, of expansions of the integuy 
ment strengthened by bony or cartilaginous fin -rays. The 
anterior limbs are known as the pectoral fins, and the posterior 
as the ventral fins ; and they are at once distinguished from the 
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so-called median fins by being always disposed in pairs, 
usually symmetrically. Hence they are often spoken of as the 
paired fins. 

The scapular arch (figs. 250, 251) supporting the pectoral limbs is usually 
joined to the skull (occipital bone), and consists of the following pieces on 




Fig. 251. — Pectoral limbs of Fishes (after Owen). A, Codi (Mo 7 - 7 ‘hua vulgaris): B, 
Angler {Lophius). w Supra-scapula ; 5 Scapula ; co Coracoid ; r Radius ; u Ulna ; 

Carpal bones; y Fin-rays, representing the metacarpus and phalanges of the 
fingers. 

each side : i. The supra-scapula {ss ) ; 2. The scapula (j), articulating 
with the former ; and, 3. The coracoid (ec?), attached above with the 
scapula, and united below, by ligament or suture, with the coracoid of the 
opposite side, thus completing the pectoral arch. Lastly, there is often 
another bone, sometimes single, but oftener of two pieces, attached to the 
upper end of the coracoid, and this is believed to represent the collar-bone 
or clavicle. * 


* These are the views entertained by Owen as to the composition and 
nature of the pectoral arch of fishes ; but they are dissented from by Mr 
Parker, one of the greatest living authorities on this subject. 
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The fore -limb possesses in a modified form most of the 
bones which are present in the higher Vertebrata, The 
humerus^ or bone of the upper arm, is usually wanting, or it is 
altogether rudimentary. A radius and ulna (fig. 251, r, u) are 
usually present, and are followed by a variable number of 
bones, which represent the carpus, and some of which some- 
times articulate directly with the coracoid. The carpus is fol- 
lowed by the ‘‘rays” of the fin proper, these representing the 
metacarpal bones and phalanges. The pectoral fins vary much 
in size and in other characters. In the Flying Gurnard {Dac- 
tylopterus), and the true Flying Fish (Exoc(Btus\ the pectorals 
are enormously developed, and enable the fish to take exten- 
sive leaps out of the water. 

The hind-limbs or “ventral fins ” are wanting in many fishes, 
and they are less developed and less fixed in position than are 
the pectoral fins. In the ventral fins no representatives of the 
tarsus, tibia and fibula, or femur, are ever developed. The 
rays of the ventral fins — representing the metatarsus and the 
phalanges of the toes — unite directly with a pelvic arch, which 
is composed of two sub-triangular bones, united in the middle 
line and believed to represent the ischta. The imperfect pelvic 
arch, thus constituted, is never united to the vertebral column 
in any fish. In those fishes in which the ventral fins are 
“ abdominal ” in position (/. placed near the hinder end of 
the body) the pelvic arch is suspended freely amongst the 



muscles. In those in which the ventral fins are “ thoracic ” or 
“jugular” (/.<?., placed beneath the pectoral fins, or on the 
sides of the neck), the pelvic arch is attached to the coracoid 
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bones of the scapular arch, and is therefore wholly removed 
from its proper vertebra. 

In addition to the pectoral and ventral fins — the homologues 
of the limbs — which may be wanting, fishes are furnished with 
certain other expansions of the integument, which are ‘‘me- 
dian” in position, and must on no account be confounded 
with the true “paired” fins. These median fins are variable 
in number, and in some cases there is but a single fringe run- 
ning round the posterior extremity of the body. In all cases, 
however, the median fins are “ azygous ” — that is to say, they 
occupy the middle line of the body, and are not symmetrically 
disposed in pairs. Most commonly, the median fins consist 
of one, two, or three expansions of the dorsal integument, 
called the “dorsal fins” (fig. 252, d'); one or two on the 

ventral surface near the anus — the “anal fins” (fig. 252, a); 
and a broad fin at the extremity of the vertebral column, called 
the “ caudal fin ” or tail (r). In all cases, the rays which support 
the median fins are articulated with the so-called interspinous 
bones, which have been previously described. Though called 
“ median,” from their position in the middle line of the body, 
and from their being unpaired, the median fins of fishes, as 
shown by Goodsir and Humphry, are truly to be regarded as 
formed by the coalescence of two lateral elements in the mesial 
plane of the body. 

The caudal fin, or tail, of fishes is always set vertically at the 
extremity of the spine, so as to work from side to side, and it 
is the chief organ of progression in the fishes. In its vertical 
position, and in the possession of fin-rays, it differs altogether 
from the horizontal integumentary expansion which constitutes 
the tail of the Whales, Dolphin, and Sireiiia (Dugong and 
Manatee). In the form of the tail, fishes exhibit some striking 
differences. In some of the Bony Fishes and Ganoids, the 
caudal extremity of the spine is not bent upwards, but divides 
the caudal fin-rays into two nearly equal portions, and the 
symmetrical tail-fin thus produced is said to be “ diphycercal.”] 
In the great majority of the Bony Fishes the tail-flll appears 
on inspection to be divided into two equal lobes, and it is 
then said to be “ homocercal ” ( fig. 253, A). This apparent 
symmetry is due to the fact that the spinal column seems to 
terminate in the centre of a triangular bony mass, to the free 
edges of which the fin-rays are symmetrically attached. In 
reality, however, the unossified notochord is prolonged into the 
upper lobe of the tail ; and as there is a much larger number 
of fin-rays below the bent-up notochord than above it, the tail 
is truly uhsymmetrical in its fundamental structure. Lastly, in 
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the Elasmobranchii^ and most Ganoids, the tail is conspicu- 
ously unsymmetrical (fig. 253, B), and is then said to be 



Fig- 253.— A, Sword-fish, showing homocercal tail ; B, Sturgeon, showing the 
heterocercal form of tail. 


heterocercal.** In these cases, the lower lobe of the tail is 
conspicuously larger than the upper, owing to the dispropor- 
tionate development of the haemal rays, and the spinal column 
is prolonged into the upper lobe of the tail. 

In a recently published and important memoir. Professor 
A. Agassiz has shown that in Pleiironectes and various other 
living Bony Fishes, the tail of the early embryo is rounded, 
and is symmetrically developed at the hinder end of the straight 
notochord (“leptocardial stage”). Soon the chorda becomes 
arched upwards, and there appears the first trace of a separa- 
tion of the tail-fin into two portions, only one of which is 
destined to remain permanently. The superior of these two 
divisions, when both have become fully marked out, surrounds 
the end of the upturned chorda (fig. 254, ^), and it must be 
regarded as an embryonic structure, since it finally disappears. 
The inferior of the two divisions, on the other hand, is placed 
below the embryonic tail, and is ultimately developed into the 
permanent tail. At first the permanent caudal fin has the 
appearance of a distinct lobe, which looks like a second anal 
fin. In process of growth, however, the embryonic caudal 
becomes thrown more and more upwards, and the rays of the 
permanent caudal acquire a fan -like arrangement. At the 
stage figured below (fig. 254) the tail is truly “heterocercal,” 
and is wonderfully similar in appearance to the tail of many 
Palaeozoic Fishes. Finally, however (fig. 255), the turned-up 
end of the notochord becomes replaced by the long “uro- 
style j ” the embryonic caudal diminishes in size afid disap- 
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pears; and the permanent caudal increases in size, and is 
gradually transformed from a ventral into a terminal append- 
age, the tail -fin thus assuming its permanent “homocercar* 



Fii'. 254.- -Tail of young Flounder in its heterocercal st.agc of develop- 

ment. a Kmhryonic caudal fin; b Permanent caudal fin, occupying an inferior 
position ; c Bent-up end of the notochord. (After A. Agassiz.) 


form. It would thus appear that the really earliest stage of 
the tail in the Bony Fishes and Elasmobranchs is the ‘‘ lepto- 
cardial stage, in which the tail is symmetrical and the noto- 
chord straight. This 
stage is in progress of 
growth superseded by 
tlie ‘‘ heterocercal ’’ 
condition, which sub- 
sists throughout life 
in the Elasmobranchs. 

Finally, the heterocer- 
cal tail of the young 
Bony Fish is in the 
adult succeeded by the 
permanent “homocer- 
cal ” or ‘‘ diphycercal ** 
tail. 



•Tail of adult Flounder. (After A. Agassiz.) 
7f Vertebral column ; n 'J'urned-up end of the noto- 
chord ; h Hypural bones. 


The process of respiration in all fishes is essentially aquatic, 
and is carried on by means of branchial plates or tufts devel- 
oped upon the posterior visceral arches, which are persistent, 
and do not disappear at the close of embryonic life, as they do 
in other Vertebrates. In the Lancelot alone, respiration is 
effected partly by branchial filaments placed round the com- 
mencement of the pharynx, and partly by the pharynx itself, 
which is greatly enlarged, and has its walls perforated by a 
series cJf transverse ciliated fissures. The arrangement and 
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Structure of the branchiae differ a good deal in the different 
orders of fishes, and these modifications will be noticed sub- 
sequently. In the meanwhile it will be sufficient to give a 
brief description of the branchial apparatus in one of the bony 
fishes. In such a fish, the branchiae are connected with the 
hyoid arch, and are situated in two special chambers, situated 
one on each side of the neck. The branchiae are carried upon 
the outer convex sides of what have been already described as 
the “ branchial arches ; ” that is to say, upon a series of hon^ 
arches (figs. 250 and 256) which are connected with the 
hyoid arch inferiorly, and are united above with the base of 
the skull. The internal concave sides of the branchial arches 
are usually furnished with a series of processes, constituting 
a kind of fringe, the function of which is to prevent foreign 
substances finding their way amongst the branchiae, and thus 





Fig. 256.— Gills and heart of the Perch exposed by the removal of the gill-cover on the 
left side, a First of the four bony arches which carry the gills /O ; b' The lower 
edges of the gills on the right side ; h Heart. (After Van der Hoeven.) 

interfering with the proper action of the respiratory organs. 
The branchiae, themselves, usually have the form of a double 
series of cartilaginous leaflets or laminae. The branchial la- 
minae are flat, elongated, and pointed in shape, and they are 
covered with a highly vascular mucous membrane, in which 
the branchial capillaries ramify. The blood circulates through 
the branchial laminae, and is here subjected to the action of 
aerated water, whereby it is oxygenated. The water is con- 
stantly taken in at the mouth by a movement analogous to 
swallowing, and it gains admission to the branchial chambers 
by means of a series of clefts or slits, the “ branchial fissures,” 
which are situated on both sides of the pharynx. Having 
passed over the gills, the deoxygenatcd water makes iti escape 
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posteriorly by an apertifre called the gill-slit or opercular 
aperture,” one of which is situated on each side of the neck. 
As we have seen before, the* gill-slit is closed in front by a 
chain of flat bones collectively constituting the ‘‘ gill-cover,” or 


‘‘ operculum ; ” and the gill- 
covers are finally completed 
by a variable number-of bony 
spines — the “ branchiostegal 
rays ” — which articulate with 
the. hyoid arch, and support 
a membrane — the “ branchi- 
ostegal membrane.” 

The heart of fishes is, pro- 
perly speaking, a branchial 
or respiratory heart. It con- 
sists of two cavities, an aur- 
icle and a ventricle (fig. 257), 
and the course of the circu- 
lation is as follows : The ven- 
ous blood derived from the 
liver and from the body gen- 
erally is poured by the vena 
cava into the auricle 
and from this it is propelled 
into the ventricle (z^). From 
the ventricle arises a single 
aortic arch (the right), and 
the base of this is usually 
dilated into a cavity or sinus, 
called the “bulj^us arterios- 
us ” {ah). The arterial bulb 
is sometimes covered with a 



special coat of striated mus- 
cular fibres, and may be pro- 
vided with several transverse 
rows of valves. In these cases, 
the bulbus acts as a kind of 
continuation of the ventricle, 
being capable of rhythmical 
contractions. The blood is 


'ig. 257.— Diagram of the circulatory system 
in a Fish, the vessels containing venous blood 
being longitudinally shaded, and those con- 
taining arterial blood being cross-shaded, vc 
Vena cava; vp Vena portse; au Auricle ; 7' 
Ventricle' Bulbus arteriosus ; ^Branchial 
artery ; ba One of the divisions of the bran- 
chial artery going to the gills, from which 
proceeds one of the corresponding branchial 
veins, by the union of which the subvertebral 
aorta Oa) is formed ; i Intestine ; k Kidney. 


driven by the ventricle through the branchial artery (p) to the 
gills, through which it is distributed by means of the branchial 
vessels, the number of which varies (there are three ovi each side 
in a few fishes, four in most of the Bony Fishes, five in the 
Skates and Sharks, and six or seven in the ’ Lampreys). The 
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aerated blood which has passed through the gills is not re- 
turned to the heart, but is driven from the branchiae through 
all parts of the body ; the propulsive force necessary for this 
being derived chiefly from the heart, assisted by the contrac- 
tions of the voluntary muscles. In some fishes (as in the Eel) 
the return of the blood to the heart is assisted by a rhythmically 
contractile dilatation of the caudal vein. The essential peculi- 
arity, then, of the circulation of fishes depends upon this — that 
the arterialised blood returned from the gills is propelled 
through the systemic vessels of the body, without being sent 
back to the heart. 

The Lancelet {A 7 ?jJ>/iioxus)y alone of all fishes, has no 
special heart, and the circulation is effected by contractile 
dilatations developed upon several of the blood-vessels. In 
the Mud-fishes {Lepuiosire 7 i) the heart consists of two auricles 
and a single ventricle. The blood-corpuscles of fishes are 
nucleated (fig. 245, e), and the blood is red in all except the 
Amphioxus, 

As regards the digestive system of fishes there is not much of 
peculiar importance. The mouth is usually furnished witli a 
complicated series of teeth, which, in the Bony Fishes, are not 
only developed upon the jaws proper, but may be also situ- 
ated upon other bones which enter into the composition of 
the buccal cavity (such as the palate, the pterygoids, vomer, 
branchial arches, the glossohyal bone, &c,) The oesophagus 
is usually short and capacious, and generally opens into a 
large and well-marked stomach. The pyloric aperture of the 
stomach is usually furnished with a valve, and behind it there 
is usually a number (from one to sixty) of blind appendages, 
termed the “pyloric cceca.^^ These are believed to represent 
the pancreas, but there may be a recognisable pancreas either 
alone or in addition to the pyloric c?cca. The intestinal canal 
is a longer or shorter, more or less convoluted tube, the ab- 
sorbing surface of which, in certain fishes, is largely increased 
by a spiral reduplicature of the mucous membrane, which 
winds like a screw in close turns from the pylorus to the anus. 
The liver is usually large, soft, and oily, and a gall-bladder is 
almost universally present ; but in Aniphioxus the liver is 
doubtfully represented by a hollow sac-like organ. 

The kidneys of fishes are usually of great size, and form two 
elongated organs, which are situated beneath the spine, and 
extend along the whole length of the abdominal cavity. The 
ureters often dilate, and form a species of bladder, the doubt- 
ful representative of the allantois. 

Whilst the respiration of all fishes is truly aquatid, most of 
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them are, nevertheless, furnished with an organ which has 
been generally believed to be the homologue of the lungs of 
the air-breathing Vertebrates. This — the “air*' or “swim 

bladder” — is a sac containing gas, situated beneath the ali- 
mentary tube, and often communicating with the gullet by a 
duct. In the great majority of fishes the functions of the air- 
bladder are certainly hydrostatic — that is to say, it serves to 
maintain the necessary accordance between the specific gravity 
of the fish and that of the surrounding water. In the singular 
Mud-fishes, (as also in a few Bony Fishes), however, it acts as 
a respiratory organ, and is therefore not only the homologue, 
but also the analogue, of the lungs of the higher Vertebrates. 
In most fishes the air-bladder is an elongated sac with a single 
cavity, but in many cases it is variously subdivided by septa, or 
it may give off more or less complicated caeca (fig. 258). In 
the Mud-fishes the air-bladder is composed 
of two sacs, completely separate from one 
another, and divided into a number of 
cellular compartments. The duct {ductus 
pucumaticus) leading in many fishes from 
the air-bladder, and opening into the oeso- 
phagus, is the homologue of the windpipe 
[trachea). The air contained in the swim- 
bladder is composed mainly of nitrogen in 
most fresh-water fishes, but in the sea- 
fishes it is mainly made up of oxygen. 

The fishes which live habitually at the 
bottom of the sea, such as the Flat-fishes, 
possess no swim-bladder, and it is much 
reduced in size in those which live prin- 
cipally at the surface. 

The nervous system of fishes is of an 
inferior type of organisation, the brain be- 
ing of small size, and consisting mainly 
of ganglia devoted to the special senses. F>gj. 

As regards the special senses, there is show^in^'ap^ndt'dcsca! 
one peculiarity which deserves particular 
notice, and this is the conformation of the nasal sacs. The 
cavity of the nose is usually double, and is lined by an olfac- 
tory membrane, folded so as to form numerous plicce. An- 
teriorly, the water is admitted into the nasal sacs by a single 
or double nostril, usually by two apertures; but posteriorly 
the nasal sacs are closed, and do not communicate with the 
pharynx by any aperture. The only exceptions to this state- 
ment arS to be found in the Myxinoids and in the Mud-fishes. 
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The essential portion of the organ of hearing (labyrinth) is 
present in almost all fishes, but in none is there any direct 
communication between the ear and the external medium. 
In some cases, however, there is a communication between 
the ear and the swim-bladder, thus foreshadowing the Eusta- 
chian tube in man. 

As regards their reproductive system, fishes are, for the most 
part, truly oviparous, the ovaries being familiarly known as the 
“roe.’* The testes of the male are commonly called the “ soft 
roe,” or “milt.” The products of the reproductive organs are 
often set free into the peritoneal cavity, ultimately finding their 
way to the external medium by means of an abdominal pore (or 
pores) ; or they are directly conveyed to the exterior by the 
proper ducts of the reproductive organs. 
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CHAPTER LII. 

PHARYNLiUisRANCHII and MARSIPOBRANCHIL 

The class Pisces has been very variously subdivided by dif- 
ferent writers ; but the classification here adopted is the one 
proposed by Professor Huxley, who divides the class into the 
following six orders, in the subdivisions of which Professor 
Owen has been followed : * 

Order I. Pharyngobranchii Cirrostomi^ Owen; and 
Leptocardia^ Muller). — This order includes but a single fish, 
the anomalous Aniphioxus lanceolatus^ or Lancelet (fig. 259), 
the organisation of which differs in almost all important points 
from that of all the other members of the class. The charac- 
ters of Aniphioxus^ in fact, are so aberrant, that Haeckel pro- 
poses to divide the sub-kingdom Vertebrata into two primary 
sections — the one {Leptocardia) comprising the Lancelet alone, 
whilst the other (Pachycardid) includes all other Vertebrates. 
The order is defined by the following characters, which, as will 
be seen, are mostly negative : — No skull is present^ nor lo7ver 
jaw {mandible), nor limbs. The notochord is persistent ; and 
there are no vertebral centra nor arches. No distinct brain 7tor 
auditory organs are present. In place of a distinct heart, pul- 
sating dilatations are developed upon several of the great blood- 
vessels. The blood is pale. The mouth is in the form of a 
longitudinal fissure, surrounded by filaments or cirri. The 
avails of the pharynx are perforated by nmnerous clefts or fis- 
sures, the sides of ivhich are ciliated, the 7vhole exercising a 
respiratory function. 

* Cuvier divided the class Pisces into the great orders of the Chondrop- 
ierygii (or Cartilaginous Fishes), the Acanthopterygii (or Fishes with spinous 
rays in the paired fins), and Malacopterygii (or Fishes with soft rays 
in the paired fins). Agassiz divides Fishes, from the character of the 
scales, into the four orders, Cycloidei, Ctenoidei, Ganoidei, and Placoidei. 
Muller divides the Fishes into the five orders Lepiocardia, (Lancelet), Cych- 
stomata (Lampreys and Hag-fishes), Teleostei, (Bony Fishes), Ganoidei, 
(Ganoid fishes), and Selackia (Sharks and Rays). 
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The Lancelet is a singular little fish, from one to two inches 
in length, which is found burrowing in sandbanks, in various 
seas, but especially in the Mediterranean. The body (fig. 
259) is semi-transparent, destitute of an exoskeleton, and 
lanceolate in shape, and is provided with a narrow mem- 
branous border, of the nature of a median fin, which runs 
along the whole of the dorsal and part of the ventral surface, 
and expands at the tail to form a lancet-shaped caudal-fin. 
No true paired fins, representing the anterior and posterior 
limbs, are present. The mouth is a longitudinal fissure, 
situated at the front of the head, and destitute of jaws. It 
is surrounded by a cartilaginous ring, composed of many 
pieces, which give off prolongations, so as to form a number 
of ciliated cartilaginous filaments or “cirri” on each side of 
the mouth. (Hence the name of Cirrostonii^ proposed by 
Professor Owen for the order.) The throat is provided on 
each side with vascular lamellae, which are believed by Owen 
to perform the function of free branchial filaments. The 
mouth leads into a dilated chamber (fig. 259, ^), which is 



i’ ig* 259. - -The Lancelet {/huphioxus lanceolaius)y enlarged to twice its natural size. 

0 Mouth; b Pharyngeal sac; g Stomach; h Diverticulum representing the liver; 

1 Intestine ; a Anus : n Notochord ; / Rudiments of fin-rays ; p Abdominal pore. 


believed to represent the pharynx, and is termed the “ pharyn- 
geal” or “branchial sac.” It is an elongated chamber, the 
walls of which are strengthened by numerous cartilaginous 
filaments, between which is a series of transverse slits or 
clefts, the whole covered by a richly-ciliated mucous mem- 
brane. This branchial dilatation has given rise to the name 
Branchiostoma,, often' applied to the Lancelet. Posteriorly the 
branchial sac opens into an alimentary canal, to which is ap- 
pended a long and capacious sac or caecum (h\ which is 
believed to represent the liver. The intestinal tube termi- 
nates posteriorly by a distinct anus (a\ which is situated at 
the root of the tail a little to the left of the median line ; and 
the intestinal mucous membrane is ciliated. Respiration is 
effected by the admission of water taken in by the mouth 
into the branchial sac, having previously passed over the free 
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branchial filaments before mentioned. The water passes 
through the slits in the branchial sac, and thus gains access 
to the abdominal cavity, from which it escapes by means of 
an aperture with contractile margins situated a little in front 
of the anus, and called the “abdominal pore^’ (/). There is 
no distinct heart, and the circulation is entirely effected by 
means of rhythmically contractile dilatations which are de- 
veloped upon several of the great blood-vessels. In other 
words, the heart retains its primitively tubular condition, and 
special contractile dilatations are developed upon other vessels 
(those carrying the blood to the pharynx). The blood itself 
is colourless. No kidneys have as yet been certainly identi- 
fied, and there is no lymphatic system. There is no skeleton 
properly so called. In place of the vertebral column, and 
constituting the whole endoskeleton, is the semirgelatinous 
cellular notochord (;^), enclosed in a fibrous sheath, and giving 
off fibrous arches above and below. The notochord is, further, 
peculiar in this, that it is prolonged quite to the anterior end 
of the body, whereas in all other Vertebrates it stops short 
at the pituitary fossa. There is no cranium, and the spinal 
cord does not expand anteriorly to form a distinct cerebral 
mass. The brain, however, may be said to be represented, 
since the anterior portion of the nervous axis gives off nerves 
to a pair of rudimentary eyes, and another branch to a ciliated 
pit, believed to represent an olfactory organ. The generative 
organs (ovaria and testes) are not furnished with any efferent 
ducts (oviduct or vas deferens). The generative products, 
therefore, are shed Into the abdominal cavity, and gain the 
external medium by the “ abdominal pore.” 

Order II. Marsipobranchii ( -- Cyclostonih Owen ; and 
Cyclostomata, Muller). — This order includes the Lampreys 
{Petromyzonidee) and the Hag-fishes {Myxinidee), and is defined 
by the following characters : — The body is cylindrical, worm- 
like, and destitute of limbs. The skull is cartilaginous, without 
cranial bones, and having no lower jaw {mandible). The noto- 
chord is persistent, and there are either no vertebral centra, or 
but the fnost rudimeiitary traces of them. The heart consists of 
one auricle and one ventricle, but the branchial artery is not 
furnished ivith a bulbus arteriosus. The gills are sac-like, and 
are not ciliated. 

The type of piscine organisation displayed in the Marsipo- 
branchii is of a very low grade, as indicated chiefly by the 
persistent notochord without vertebral centra, the absence of 
any traces of limbs, the absence of a mandible, and the struc- 
ture of llie gills. 



480 


MANUAL OF ZOOLOGY. 


Both the Lampreys (fig. 260, B) and the Hag-fishes (fig, 
260, A) are vermiform, eel-like fishes, which agree in possess- 



Fi^. 260.— -Morphology of Mar^ipobranchii. A, JSlyxifie giutitiosa^ showing the suckcr- 
like mouth, and the two ventral ownings (//) by which the water escapes from the 
gills, a, The River Lamprey or Lampern {Petromyzon fluvintilis\ showing the 
seven branchial apertures on the side of the neck. C, I^ranchial organs of Myxine ; 
g The gullet laid open, showing the openings (six on each side) by which the water 
enters the branchial sacs {$) ; c (Janal carrying the water away from the gills, to be 
discharged by the two vent rally-placed branchial apertures (//, K ) ; i Aperture by 
which the water is admitted to the gullet and thence to the gills. 


ing no paired fins to represent the limbs, but in having a median 
fin running round the hinder extremity of the body. The 
skeleton remains throughout life in a cartilaginous condition, 
the chorda dorsalis is persistent, and the only traces of bodies 
of vertebrae are found in hardly perceptible rings of osseous 
matter developed in the sheath of the notochord. The neural 
arches of the vertebrae, enclosing the spinal cord, are only 
represented by cartilaginous prolongations. There is a par- 
tially cartilaginous cranium, which is not, however, movable 
on the spinal column. The mouth in the Hag-fish (Myxine) 
is of a very remarkable character, and enables it to lead a very 
peculiar mode of life. It is usually found, namely, embedded 
in the interior of some other large fish, into which it has suc- 
ceeded in penetrating by means of its singular dental apparatus. 
The mouth (fig. 260, A) is sucker-like, destitute of jaws, but 
provided with tactile filaments or cirri. In the centre of the 
palate is fixed a single, large, recurved fang, which is firmly 
attached to the under surface of the cranium. The sides of 
this fang are strongly serrated, and it is by means of this that 
the Hag-fish bores its way into its victim, having previously 
attached itself by its sucker like mouth, assisted by the action 
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of the piston-like toothed tongue. In the Lampreys the 
mouth has also the form of a circular cup or sucker, and is 
also destitute of jaws ; but in addition to the palatine fang of 
the Myxine, the margins of the lips bear a number of horny 
processes, which are not really true teeth, but are hard struc- 
tures developed in the labial mucous membrane. The tongue, 
also, is armed with serrated teeth, and acts as a kind of piston ; 
so that the I^ampreys are in this manner enabled to attach 
themselves firmly to solid objects. Sometimes the oral cavity 
is strengthened by a basket-shaped cartilaginous apparatus, 
and sometimes a similar apparatus supports the gill-sacs. The 
alimentary canal is simple and straight, the liver not sac-like, 
but of its ordinary form, and the kidneys distinct and well 
developed. 

The Marsipobrauchii are peculiar amongst Vertebrate ani- 
mals in possessing only one median nasal sac, opening on the 
exterior of the head by a single unpaired nostril. The Hag- 
fishes further differ from all the members of the class, except 
the Mud-fishes (^Dipnoi) in the fact that the nasal cavity com- 
municates behind with the pharynx. In the Lampreys, on the 
other hand, the nasal sac is closed posteriorly. 

Another very remarkable point in the Hag-fishes and Lam- 
preys is to be found in the stnicture of the gills, from which 
the name of the order is derived. The gills, namely, are in 
the form of fixed pouches, instead of being free vascular struc- 
tures contained in a common chamber, opening externally by 
a gill-slit, as in the typical Bony Fishes. In the Hag-fishes 
there are six of these branchial sacs on each side of the ceso- 
phagus (fig. 260, C). The water is admitted to the gullet {g) 
by a special aperture situated on the ventral surface, whence it 
passes into the branchial pouches by six apertures on each 
side. Having passed over the complicated and highly vascular 
interior of the branchial sacs, the water escapes by a corre- 
sponding series of tubes opening into a common canal (c) on 
each side, and these canals finally discharge the effete water by 
two apertures situated on the ventral surface behind the head 
(//, h). In the Lampreys the gills have the same fixed and 
pouch-like arrangement, but there are some marked differences 
from the above. The water is admitted from the gullet to seven 
branchial pouches on each side, but the mode of admission 
is by means of two special canals which lie beneath the oeso- 
phagus on each side, communicating each by its own aperture 
with the mouth in front, terminating blindly behind, and send- 
ing off a branch to each pouch. The effete water, also, escapes 
by a special tube to each sac, so that there are seven branchial 

2 H 
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apertures in the form of slits or holes on the side of the neck 
(fig. 260, B). The reproductive organs are ductless, and the 
generative elements are shed into the abdomen, whence they 
escape by an abdominal pore. 

The Lampreys are, some of them, inhabitants of rivers ; but the great 
Sea-lamprey {Petromyzon marinus) only quits the salt water in order to 
spawn. The mouth in the Petromyzonidiv is a circular cartilaginous ring, 
formed by the amalgamation of the palatine and mandibular arches, and 
carrying numerous teeth and small tubercles. The tongue is armed with 
a double series of small teeth, and acts like a piston, enabling the animal 
to attach itself to stones and rocks. There is no air-bladder. The body 
is cylindrical, compressed towards the tail, and destitute of scales. 'I'he 
skeleton consists of a series of cartilaginous rings without ribs. The young 
Peiromyzon undergoes a metamorphosis, being so unlike the parent that a 
new genus {Avtmocatcs) was originally founded for its reception. 

In Myxinida the mouth is circular and membranous, with eight cirri. 
The palate carries a single fang, and the tongue is armed with a double 
row of small teeth on each side. There may be seven branchial apertures 
on each side {Heptatreina)^ or the branchial pouches open into a common 
tube on each side, and each of these terminates in a distinct aperture 
situated under the heart on the lower surface of the body {Myxine or Gas- 
trohramhus). The I fags pour out so much mucus through the lateral line 
that they can surround themselves with jelly ; hence the name of the com- 
mon species (Myxine ghttinosa). The Glutinous Hag is a native of the 
North and British seas, and is chiefly found in the interior of the Cod and 
Haddock (often five or six individuals in one fish). 


CHAPTER LIII. 

TELEOSTEL 

Order III. Teleostei. — This order includes the great ma- 
jority of fishes in which there is a well-ossified endoskeleton, 
and it corresponds very nearly with Cuvier's division of the 
“osseous” fishes. The Teleostei are defined as follows: — The 
skeleton is usually well ossified ; the cranium is provided with 
cranial bones; and a mandible is preseiit ; 7 ifhilst the 7 )ertebral 
column almost always consists of more or less completely ossified 
vertebrce. The pectoral arch has a clavicle; and the tivo pairs of 
limbsy when present^ are in the fofin of fins supported by rays. 
The gills are free^ pectinated or tufted in shape ; a bony gill cover 
and braftchiostegal rays being ahuays dafeloped. The branchial 
artery has its base developed into a bulbus arteriosus ; but this 
is never rhythmically contractile^ and is separated from the ventricle 
by no more than a single row of valves. 
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The order Telcostei comprises almost all the common fishes ; 
and it will be unnecessary to dilate upon their structure, as 
they were taken as the types of the class in giving a general 
description of the Fishes. It may be as well, however, to recapit- 
ulate very briefly some of the leading characters of the order. 

I. The skeleton^ instead of remaining throughout life more 
or less completely cartilaginous, is now always more or less 
thoroughly ossified. The notochord is not persistent, and the 
vertebral column, though sometimes cartilaginous, consists of 
a number of vertebra3. The bodies of the vertebrae are what is 
called “ amphicoeloiis — that is to say, they are concave at 
both ends. It follows from this, that between each pair of 
vertebrae there is formed a doubly-conical cavity, and this is 
filled with the cartilaginous or semi-gelatinous remains of the 
notochord. By this means an extraordinary amount of flexi- 
bility is given to the entire vertebral column. In no fish except 
the Bony Pike (which belongs to the order Ganoidei) is the 
ossification of the vertebral centra carried further than this. 
The skull is of an extremely complicated nature, being com- 
posed of a number of distinct cranial bones ; and a mandible 
or lower jaw is invariably present. 

II. The anterior and posterior pairs of limbs are usually, but 
not always, present, and when developed they are always in 
the form of fins. The fins may be supported by “ spinous ” or 
“soft” rays, of which the fomier are simple undivided spines 
of bone, whilst the latter are divided transversely into a num- 
ber of short transverse pieces, and also are broken up into 
a number of longitudinal rays proceeding from a common 
root. (The fishes with soft rays in their paired fins are 
termed MalacoptcrygiV '^ — those with spinous rays, '‘^Acan- 
i/ioptc 7 ygiiP) 

III. Besides the paired fins, representing the limbs, there is 
a variable number of unpaired or azygous integumentary ex- 
pansions, which are known as the “ median fins.” When fully 
developed (fig. 261), they consist of one, two, or three fins on 
the back — the “ dorsal ” fins ; one or two on the ventral surface 
— the “anal” fins; and one clothing the posterior extremity 
of the body — the “ caudal ” fin. The caudal fin (fig. 253, A) is 
set vertically, and not horizontally, as in the Whales and 
Dolphins ; and in all the bony fishes its form is “ homocercal ” 
— that is, it consists of two equal lobes, and the vertebral 
column is not prolonged into the superior lobe.* In all the 

* Though to all appearance symmetrical, the tail of the bony fishes is 
in reality generally unsymmetrical. The appearance of symmetry is due 
to the bony •pinai column terminating in the Centre of a wedge-shaped 
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median fins the fin-rays are supported upon a series of dagger- 
shaped bones, which are plunged in the flesh of the middle 


d 



Fig. 261.— The common Perch {Perea Jluviatilis). o OilI*cover, with the gill-slit be- 
hind it ; ^ One of the pectoral fins, the left ; v The left ventral fin ; 'I'he first dorsal 
fin ; d The second dorsal fin ; trThe caudal fin or tail ; a The anal fin ; / I^itcral line. 


line of the body, and are attached to the spinous processes of 
the vertebrae. These are the so-called interspinous bones. 

IV. The heart consists of two chambers, an auricle and a 
ventricle, and the branchial artery is furnished with a bulbus 
arteriosus. The arterial bulb, however, is not furnished with a 
special coat of striated muscular fibres, is not rhythmically con- 
tractile, and is separated from the ventricle by no more than a 
single row of valves. 

V. The respiratory organs consist of free, pectinated, or tufted 
branchiae, situated in two branchial chambers, each of which 
communicates internally with the pharynx by a series of clefts, 
and opens externally on the side of the neck by a single aper- 
ture (or “gill-slit”), which is protected in front by a bony gill- 
cover (fig. 261) and is also closed by a “ branch iostegal mem- 
brane,” supported upon “ branch iostegal rays.” The branchiae 
are attached to a series of bony branchial arches (generally 
five on each side, but only the anterior four bearing gills), 
which are connected inferiorly with the hyoid bone, and 
superiorly with the- skull ; and the water required in respira- 
tion is taken in at the mouth by a process analogous to swal- 
lowing. 

“hypural bone,” to the free edges of which the caudal fin-rays are sym- 
metrically attached. The actual termination of the notochord is bent up, 
and is never ossified ; but its sheath usually becomes calcified, forming a 
spine (“ urostyle ”) which coalesces with the dorsal edge of the hypural 
])onc, the latter being formed by the anchylosis of ossicles developed from 
the ventral face of the notochordal sheath. 
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VI. The nasal sacs never communicate posteriorly with the 
cavity of the pharynx. 

VII. The exoskeleton usually has the form of overlapping 
horny scales of the cycloid or ctenoid character ; but it is 
sometimes absent, sometimes composed of scattered plates of 
true bone, sometimes ganoid, and sometimes formed of sha- 
green-like bony spines. 

VIII. The stomach is capacious ; pyloric caeca are present ; 
the intestine has no spiral valve ; and the rectum usually opens 
separate from and in front of the urinary and genital apertures. 
The air-bladder may or may not be present, and may or may 
not communicate with the gullet. The kidneys are well de- 
veloped. The reproductive organs may be solid, and may 
liberate their contents by rupture into the abdominal cavity; 
but they are usually hollow organs, with ducts which open 
beside or behind the urinary aperture. 

The subdivisions of the osseous fishes are so numerous, and 
they contain so many families, that it will be sufficient to run 
over the more important sub-orders, and to mention the more 
familiar examples of each. 

Sub-order A. Malacopteri, Owen ( = Physostomata^ Mul- 
ler). — This sub-order is defined by usually possessing a com- 
])lete set of fins, supported by rays, all of which are or 

many-jointed, with the occasional exception of the first rays in 
the dorsal and pectoral fins. A swim-bladder is always present, 
and always communicates with the cesophagus by means of a 
duct, which is the homologue of the windpipe. The skin is 
rarely naked, and is mostly furnished with cycloid scales ; but 
in some cases ganoid plates arc present. 

This sub-order is one of great importance, as comprising many well- 
known and useful fishes. It is divided into two groups, according as 
ventral fins are present or not. In the first group — are 
no ventral fins; and the most familiar examples are the common Eels 
of our own country. The Eels {A/iin<ytt(/u'') have an elongated, almost 
cylindrical body, with the scales deeply sunk in the skin, and scarcely ap- 
}>arent. A swim-bladder is present, and the operculum is small and mostly 
enveloped in the skin. More remarkable, however, than the ordinary 
Eels is the Gymnotus elcctriciis, or great Electric Eel (fig. 262), which in- 
habits the marshy waters of those wonderful South American plains, the 
so-called “Llanos,” and which shares with various fishes of diverse affinities 
(the Torpedo, the Malaptentrus electricus^ &c. ) the power of generating 
electricity by means of special organs. 

The second group of the Maiacopferi is that of the AhiominaUa^ in which 
there are ventral fins, and these are abdominal in position. Space will not 
permit of more here than merely mentioning that in this section are con- 
tained amongst others the well-known and important groups of the Clupeidtr 
(Herring trjie), the Pikes [Esocuhe\ the Carps, Barbels, Roach, Chub, 
Minnow, &c. {Cypnnidic)^ and the SahnonidiCy comprising the various 
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species of Salmon and Trout. Also belonging to this group are the Sheat- 
fishes {Siluridis)^ which are chiefly noticeable because they are amongst the 
small number of living fishes possessed of structures of the same nature as 
the fossil spines known as “ ichthyodorulites.” The structure in question 
consists of the first ray of the pectoral fins, which is largely developed, and 



Fig. 262 — Electric Eel {Cyviuotus cL^tficin). 


constitutes a formidable spine, which the animal can erect and depress at 
pleasure. Unlike the old “ ichthyodorulites,” however, the spines of the 
SituriiUe have their bases modified for articulation with another bone, and 
they are not simply hollow and implanted in the flesh. The “Siluroids ” 
are also remarkable for their resemblance to certain of the e-\tinct Ganoid 
fishes PUrichi/iys, Coccostcus^ caused by the fact that the head is 
protected with an exoskeleton of dermal bones. The largest European 
species is the Silunts glanis of the Swiss lake.s, and of various Euroj)ean 
rivers. Another remarkable member of this family is the Malapterurus of 
the Nile and West Coast of Africa, which is cndoweil with electrical powers. 

Sub-order B. Anacanthini. — This sub-order is distin- 
guished by the fact that the fins are entirely supported by 
“soft” rays, and never possess “spiny” rays ; whilst the ven- 
tral fins are either wanting, or, if present, are placed under the 
throat, beneath or in advance of the pectorals, and supported 
by the pectoral arch. The swim-bladder may be wanting, but 
when present it does not communicate with the oesophagus by 
a duct. 

As in the preceding order, the Anacanthini divided into 
two groups, distinguished by the presence or absence of the 
ventral fins. In the first of these groups (Apodd) are only a 
few fishes, of which one of the most familiar exami:)les is the 
little Sand-eel {Ammodytes lancea)^ which occurs on all our 
coasts. In the second group {Sub-brachiata), in which ventral 
fins exist, are the two important families of the Gadidce and 
Pleuronectidcd. The Gadidce or Cod family, comprising the 
Haddock, Whiting, Ling, and Cod itself, is of great value to 
man, most of its members being largely consumed as food. In 
the Pleiironectidce or Flat-fishes are comprised the Sole, Plaice, 
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Turbot, Halibut, Brill, and others, in all of which there is a 
very curious modification in the form of the body. The body, 
namely, in all the Flat-fishes (fig. 263) is very much compressed 



Fij;. 263. — Plcuronectidaj. R/wmbus Punctatus, Natural size (after Gosse). 

from side to side, and is bordered by long dorsal and anal fins. 
When young, the body is symmetrical, the eyes are bilaterally 
situated, and the animal swims in a vertical position. Soon, 
the habit of lying on one side (sometimes the right, but more 
commonly the left, side) is commenced, and then the eye upon 
the lower side is gradually translated to the upper side of the 
head \ this translation being effected by an actual movement 
of the lower eye, or by its passing through the at that time 
soft tissues of the head, a partial twisting of the cranial bones 
assisting to bring about the final result. When adult, both 
eyes are situated upon one side of the head (fig. 263), and the 
fish now keeps this side uppermost, and is dark-coloured on 
this aspect ; whilst the opposite side, on which it rests, is 
white. From this habit of the Flat-fishes of resting upon one 
fiat surface, the sides are often looked upon as the dorsal and 
ventral surfaces of the body. This, however, is erroneous, as 
they are shown by the position of the paired fins to be truly 
the lateral surfaces of the body. Ifiie mouth has its two sides 
unequal, the pectorals are rarely of the same size, the ventrals 
look like a continuation of the anal fin, and the branchiostegal 
rays are six in number. 

Sub-order C. Acanthopteri. — This sub-order is charac- 
terised by the fact that one or more of the first rays in the 
fins are in the form of true, unjointed, inflexible, “ spiny '' rays. 
The exoskeleton consists, as a rule, of ctenoid scales. The 
ventral fins are generally beneath or in advance of the pecto- 
rals, and the duct of the swim-bladder is invariably obliterated. 
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This sub-order comprises two families : — 

rt. The Pharyngognathi^ in which the inferior pharyngeal bones are an- 
chylosed so as to form a single bone, which is usually armed with teeth. 
The family is not of much importance, the only familiar fishes belonging 
to it being the “Wrasses” {Cyclolabridir), 

b. The Acanthopteri verij characterised by having always spiny rays in 
the first dorsal fin, and usually in the first rays of the other fins, whilst the 
inferior pharyngeal bones are never anchylosed into a single mass. This 
family includes many subordinate groups, and may be regarded as, on the 
whole, the most typical division of the Teleostean fishes. It will not be 
necessary, however, to do more than mention as amongst the more import- 
ant fishes contained in it, the Perch family {Percid(€\ the Mullets {Mugi- 
the Mackerel family {Scomberidie), the Gurnards {Sc/erogenubt), the 
Gobies (Gobndir)^ the Blennies {Blenniidie)^ and the Anglers (Lopiiiiht). 
The PercidtP form by far the most important member of this group, and are 
distinguished by having ctenoid scales, the operculum and prje-operculum 
variously armed with spines, teeth on the vomer and palate as well as on 
the jaws, and the branchiostegal rays from five to seven in number. 

Sub-order D. Plectoonathi. — This sub -order is charac- 
terised by the fact that the maxillary and praemaxillary bones 
are immovably connected on each side of the jaw. The endo- 
skeleton is only partially ossified, and the vertebral column 
often remains permanently cartilaginous. The exoskeleton is 
in the form of ganoid plates, scales, or spines. The ventral 
fins are generally wanting, and the air-bladder is destitute of a 
duct. 

The most remarkable fishes of this section are the Trunk-fishes {Ostruci^ 
ontidip^ in which the body is entirely enclosed, with the exception of the 
tail, in an immovable case, composed of large g.'inoid plates, firmly united 
to one another at their edges. 

Besides the Trunk-fishes, this section also includes the File-fishes (Palis- 
tidu:) and the Globe-fishes (Gymnodontid(e). 

Sub-order E. Lophobranchii. — This is a small and unim- 
portant group, mainly characterised by the peculiar structure 
of the gills, which are arranged in little tufts upon the branchial 
arches, instead of the comb-like plates of the typical Bony Fishes. 
The endoskeleton is only partially converted into bone, and the 
exoskeleton, by way of compensation, consists of ganoid plates. 
The swim-bladder is destitute of an air-duct. 

The singular Sea-horses (nippocampida\ now kept in most of our large 
aquaria, belong to this sub-order, but the only point about them which re- 
quires notice is the curious fact that the males in this family are provided 
with a sort of marsupial pouch, into which the eggs are placed by the 
female, and to which the young, when hatched, can retire if threatened 
by any danger. This singular cavity is only found in the males, and is 
situated at the base of the tail. More familiar than the Sea-horses are the 
Pipe-fishes (Syngnaihidcc)^ of which one species occurs commqply on our 
shores. 
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CHAPTER LIV. 

GANOIDEI. 

Order IV. Ganoidei. — The fourth order of fishes is the large 
and important one of the Ganoid fishes, represented, it is true, 
by few living forms, but having an enormous development in 
past geological epochs. For this reason the study of the 
Ganoid fishes is one which claims considerable attention. 

At the present day, the order Ganoidei comprises only seven 
genera — viz., Lepidosteus^ Polypterns^ Calamoichthys^ Anna, 
Acipenser, Scaphirhynchus, and Spatularia — all of which are 
found only in the northern hemisphere, and are wholly or 
partially confined to fresh water. 

The order Ganoidei may be defined by the following charac- 
ters : The endoskeleton is only partially ossified, the vertebral 
column mostly remaining cartilaginous throughout life, especially 
amongst the extinct for 7 ns of the Palceozoic period, in which the 
piotochord is often persistent. The skull is furriished with distinct 
cranial boties, and the lower ja^o is present. The exoskeleton is in 
the for 771 of ga7ioid scales, plates, or spmes. There are usually 
two pairs of Iwibs, in the form of fins, each supported by fi7i’rays. 
The first rays of the fins are 77wstly in the for 771 of strong spmes. 
The pectoral arch has a clavicle, and the postc7ior Imbs {ventral 
fins') a7'e placed close to the anus. The caudal fin is 77iosily tm- 
sy7n77ictrical or ‘‘ hetcrocercall'* The sioi 771 -bladder is always pres- 
\ent, is ofteti cellular, a7id is provided with a7i air-duct. The 
ihtestme is ofte7i fimiished with a spiral valve. The gills and 
opercular appa/^atus a7r essc7itially the sa7ne as in the Bo7ty Fishes, 
The heart has 07ie a/micle a7td a ve7itricle, a7id the base of the 
bratichial artery is dilated mto a bulb us af‘te7-iosus, which is 
I'hytlunically cont7'actile, is fur7iished rvith a distinct coat of 
striated tnuscular fib/'es, a7id is provided with seve7\jl transverse 
rows of valves. 

Of these characters, the ones which it is most important to 
remember are the following : — 

I. The etidoskeleton is rarely thoroughly ossified, but varies a 
good deal as to the extent to which ossification is carried. In 
some forms, including most of the older members of the order, 
the chorda dorsalis is persistent, no vertebral centra are de- 
veloped, and the skull is cartilaginous, and is protected by 
ganoid pVites. Even in these forms, however, the peripheral 
elements of the vertebrae may be ossified. In others, the 



490 


MANUAL OF ZOOLOGY. 


bodies of the vertebrae are marked out by osseous or semi- 
cartilaginous rings, enclosing the primitive matter of the noto- 
chord. In others, the vertebrae are like those of the Bony 
Fishes; that is to say, deeply bicon- 



cave or “ amphicoelous.** In one Gan- 
oid, however — the Bony Pike {Lepi- 
dostais) — the vertebral column consists 
of a series of “ opisthocoelous ” ver- 
tebrae ; that is to say, vertebrae which 
are convex in front and concave be- 
hind. This is the highest point of 
development reached in the spinal 
column of any fish, and its structure is 
more Reptilian than Piscine. In Poly- 
pterus and Amia the vertebrae are ossi- 
fied and amphiccelous. The remain- 
ing existing genera have a persistent 
notochord. 

II. The exoskeleton consists in most 
Ganoid fishes of scales, plates, or 
spines, which are said to possess ganoid 
characters. The peculiarities of these 
scales are that they are composed of 
two distinct layers — an inferior layer 
of bone and a superficial covering of a 
kind of enamel, somewhat similar to 
the enamel of the teeth, called “gano- 
ine.” In form the ganoid scales most 
typically exhibit themselves as rhom- 
boidal plates, placed edge to edge, 
without overlapping, in obliciue rows, 
the plates of each row being often arti- 
culated to those of the next by distinct 
processes (fig. 247, e). In some cases, 


Fig. 264.-skeieton of the pec- howcvcr, the scales are circular, and 


torai fin oi Ceratodus, show- overlap one another, as in the ordinary 

ing the median axis and diver- * . t ^ • //- ^ 

gent branches on each side. Bony FlSheS. Ill AclpCIlSer (fig. 253, 

Gttnthco B) and Scaphirhynchus there are de- 

tached dermal plates of true bone ; 


whilst Spatularia has the skin naked. 

III. As to the Jins^ both pectorals and ventrals are usually 
present, and the ventrals are always placed far back in the 
neighbourhood of the anus, and are never situated in the im- 
mediate vicinity of the pectorals. In some living '^.nd many 
extinct forms the fin-rays of the paired fins are arranged so as 
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to form a fringe round a central lobe (fig. 265). This structure 
characterises a large and important division of Ganoid fishes, 
called by Professor Huxley, for this reason, “Fringe-finned** 
Ganoids or CrossopterygidcB, The same form of fin is seen in 




Fig. 265. —Ganoid Fishes. A, Polypterm; B, OsteoUph a One of the pec- 

toral fins, showing the fin-rays arranged round a central lobe ; b One of the ventral 
fins ; c Anal fin ; d Dorsal fin ; ti' Second dorsal fin. 


Ceratodiis among the Dipnoi, in which the limb (fig. 264) con- 
sists of a median cartilaginous axis, formed by a succession of 
joints, which, in turn, support on each side a lateral series of 
jointed branches, these finally bearing the fin-rays. The form 
of the caudal fin varies, the Ganoids being in this respect 
intermediate between the Pony Fishes, in which the tail is 
“ homocercal,** and the Sharks and Rays, in which there is a 
“ heterocercal ** caudal fin. In the majority of Ganoids, then, 
the tail is unsymmetrical or “heterocercal,** but it is sometimes 
equi-Iobcd or “ homocercal.** 

IV. As to the structure of the respiratory organs, the Ganoid 
Fishes agree essentially with the Bony Fishes. They all possess 
free pectinated gills attached to branchial arches, and enclosed 
in a branchial chamber, which is protected by an operculum, 
and is closed by a branchiostegal membrane, usually supported 
by branchiostegal rays. Besides the ordinary branchire there 
is frequently an additional gill, called the “ opercular branchia,** 
attached to the interior of each operculum, and below this a 
fiilse gill or “ pseudo -branchia,** which receives arterialised 
blood qply. Acipenser and Polypicrus have “ spiracles ** placed 
on the top of the head and communicating with the mouth. 
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V. There is always a swim-bladder, which is often divided 
by partitions into several cells, and is always connected with 
the gullet by an air-duct, as in the Malacopterous division of 
the Teleostean fishes. In Polypteriis the air-bladder is double 
and sacculated. 

VI. As to the structure of the hearty the Ganoids differ from 
the Bony Fishes, and agree with the Sharks and Rays in having 
a rhythmically contractile bulbus arteriosus, which is furnished 
with a special coat of striated muscular fibres, and is separated 
from the ventricle by several rows of valves. This is a decided 
advance in structure, as in this way the arterial bulb is enabled 
to act as a continuation of the ventricle. 

VII. The intestine is often furnished with a spiral redupli- 
cation of its mucous membrane, forming a spiral valve, such 
as we shall afterwards see in the Sharks and Rays. 

The classification of the Ganoid fishes has hitherto proved 
a matter of extreme difficulty ; and probably no arrangement 
that has been as yet proposed can be regarded as being, in all 
its details, more than provisional. A convenient primary 
division is that into Lepidoganoids^ in which the body is 
furnished with scales of moderate size, and the endoskeleton 
is generally more or less perfectly ossified, and Placoganoidsy 
in which the skeleton is imperfectly ossified, and the head and 
more or less of the body are protected by large ganoid plates, 
which in many cases are united together by sutures. Accept- 
ing this division, the order Ganoidci may be divided into the 
following sub-orders : — 


Sfxtion I. Lkpidoganoidei. 

Sub-order A. Atniadte, 

II n. Lepidosteidtc, 

u C. Crossopterygidtc. 

II D. Acanthodidcc. (Extinct.) 

Section 2. Placoganoidei. 

Siib-orde/ E. Ostracostei. (Extinct.) 

II F. Chondrostc’idtc, 

The best known living fislies belonging to the Lepidoganoids arc the 
Bony Pike and the Polyptcrus, The Bony Pike {Lepidostetts^ fig. 266, A) 
inhabits the rivers and lakes of North America, and atttains a length of 
several feet. The body is entirely clothed with an armour of ganoid 
scales, arranged in obliquely transverse rows. The vertebral column is 
exceedingly well ossified, and is reptilian in its characters, the bodies of 
the vertebrae being “ opisthoccelous. ” The jaws form a long narrow snout, 
armed with a double series of teeth ; and the tail is heterocercal.^ 

The Polypteri^ of which several species are known, inhabit the Nile, 
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Senegal, and other African rivers, and are remarkable for the peculiar 
structure of the dorsal fin (fig. 265, A), which is broken up into a number 
of separate portions, each composed of a single spine in front, with a soft 
fin attached to it behind. They belong to the Crossopteiygious Ganoids, 
in which the pectoral fins always, and the ventral fins often, consist of a 
central lobe or stem, which is covered with scales, and to the sides of 
w'hich the fin-rays are attached. Two .sjx'cies of Polyptenis have recently 
been sliown to possess external branchia; when young, losing them when 
fully grow'n. Calamoicht/iys^ also from the rivers of Africa, resembles 
Polyptents in most respects, but the body is serpentiform, and there are no 
ventral fins. Another group of Lepidoganoids is formed by the Trout- 




Fig. 2^/). — A, l.cpidosieus osseiis^ the “G.'ir-Pike" of the Amcritan L.akes. It, Aspi- 
ttorhymhns, restored (after Aga-vsi/) ; a Jurassic Ganoid allicu Xo Lepidoiteus, but 
luaviiig a homocercal tail. 


like AiniiC of the fresh waters of the United States, in which the scales 
are roundetl and overlap one another, the tail is slightly heteroccrcal, and 
the vertebral column is ossified. The air-bladder in Amia is subdivided, 
and can be used as a functional respiratory organ. 

'riie section Plaeoganoidei includes the largest and best known of all the 
living Ganoid fishes— namely, the Sturgeons — and it also contains some 
highly singular fossil forms. The sub-order is defined by the fact that 
the skeleton is always imperfectly ossified, and often retains the notochord, 
whilst the head and more or less of the body are usually protected bv 
large ganoid plates, wdiich in many cases are united together at their edges 
by .sutures. The tail i.s heterocercal. 

1 he family ChondrosieidiVy or Sturionidec^ comprises the various species 
of Sturgeon, wdiich are found in the seas of the northern hemisphere, 
whence they ascend the great rivers for the purpose of spawning. The 
vertebral column in the Sturgeon remains permanently in an embryonic 
condition. Ihe notochord is persistent, and the vertebral centra are want- 
ing, but the neural arches of the vertebroc reach the condition of cartilage. 
The mouth is destitute of teeth, and the head (fig. 253, is covered with 
an armour of large ganoid plates joined together at their edges by suture. 
Rows of detached ganoid plates also occur on the body. The various 
species of Sturgeon attain a great size, one— the Beluga— often’ measuring 
twelve o^fifteen feet in length. They are commercially of considerable 
importance, the swdmming-bladder yielding most of the isin^ass of com- 
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merce, whilst the roe is largely employed as a delicacy under the name of 
caviare. In the Paddle-fishes {Spatularia) the skin is not provided with 
an exoskeleton. Both Spatularia and Scaphirhynchus are found in the 
rivers of North America ; but two species of the latter have recently been 
discovered in Asia. 

Only a few fossil forms belonging to the Sturionida are at present known ; 
and by far the greater number of extinct Placoganoids belong to the family 
Ostracosteif established by Owen, and characterised by the fact that the 
head, and generally the anterior part of the trunk as w’ell, was encased in 
a strong armour composed of numerous large ganoid plates, immovably 
joined to one another. The posterior extremity of the body was more or 
less completely unprotected, and, whilst the notochord was persistent, the 
peripheral elements of the vertebree— namely, the neural and hremal spines 
—may be ossified. 



Fiaj Ct'p/talas/>/s LycUii, 


The Ostracostei, or “ Placoderms,” are entirely confined to the De- 
vonian and Upper Silurian rocks, and the most important genera com- 
])rised in the group are Ctphalaspis (fig. 267), Pteraspis^ Pterichthys^ and 
Coccostcus, 


CHAPTER LV. 

ELASMODRANCHII AND DIPNOI. 

Order V. Elasmobranchii {- Selaehia, Muller; Placoidei, 
Agassiz ; Holocephali and Plagiostomi, Owen). — This order in- 
cludes the Sharks, Rays, and Chinuerte, and corresponds with 
the greater and most typical portion of the Chondropterygida or 
Cartilaginous fishes of Cuvier. The order is distinguished by 
the following characters : The skull and lower jaw are well 
developed, but there are m cranial hones, and the skull consists 
of a single cartilaginous box, without any indication of sutures. 
The vertebral column is sometimes composed of distinct vertebree, 
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sometimes cartilaginous or sub-notochordal. The exoskeletofi is in 
the form of placoid granules^ tubercles^ or spines. There are tivo 
pairs of fins, representing the limbs, and supported by cartilaginous 
fin-rays ; and the ventral fins are placed far back near the anus. 
The pectoral arch has no clavicle. The heart consists of a single 
auricle and ventricle, and the bulbus arteriosus is rhyth 7 nically 
contractile, is provided with a special coat of striated muscular 
fih'cs, and is furnished with several transverse rows of valves. 
The gills are pouch-like. 

In most of the above characters, it will be seen at once that 
tlie Elasmobranchii agree with the Ganoid fishes, especially, as 
regards the structure of the heart. The following points of 
difference, however, require more special notice : — 

J. The exoskelcton is what is called by Agassiz “placoid.’' 
It consists namely, of no continuous covering of scales or 
ganoid plates, but of more or less numerous detached grains, 
tubercles, or spines, composed of bony or dentinal matter, and 
scattered here and there in the integument. In the case of the 
Rays, these placoid ossifications often take a very singular 
shape, consisting (fig. 247, c) of an osseous or cartilaginous 
disc, from the upper surface of which springs a sharp recurved 
s{)ine, composed of dentine. The so-called “ shagreen ” of the 
Dog-fishes and Sharks is composed of very small and close-set 
tooth-like processes (fig. 247, d). At other times the placoid 
structures are developed into “ dermal defences ” or “ ichthyo- 
dorulites.” The minute structure of these exoskeletal struc- 
tures is closely or entirely similar to that of the teeth. In some 
cases the exoskeleton is absent. 

II. The^^/ 7 /j are fixed and pouch-like, and differ very mate- 
rially from those of the Bony and Ganoid Fishes. In the case 
of the Sharks and Rays, the structure of the gills is as follows : 
The branchial arches are fixed, and the branchial laminae 
are not only attached by their bases to the branchial arches, 
but are also fixed by the whole of one margin to a series of 
partitions, which divide the branchial chamber into a number 
of distinct pouches (fig. 268). Each partition, therefore, car- 
ries a series of branchial laminae attached to each side, like 
the leaves of a book. By means of these septa a series of 
branchial sacs or pouches are formed, each of which opens 
internally into the pharynx by a separate slit, and communi- 
cates externally with the water by a separate aperture placed 
on the side of the neck (fig. 268, B). The arrangement of the 
gills being such, there is, of course, no gill-cover, and no bran- 
chiostegal membrane or rays. In one section of the order, 
howevef— viz., the Holocephali—Xhowgh the ititernal structure 
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of the gills is the same as the above, there is only a single 
branchial aperture or gill-slit externally, and this is protected 
by a rudimentary operculum and branchiostegal rays. 

III. Another character in the Elasmobrafic/iii, shared, how- 
ever, by many of the Ganoids, is the structure of the intestinal 


O 0 



Fig. 268. — A, Head of Piked Dog-fish {Spinajc), showing the transverse mouth on 
the undersurface of the head, and the apertures of the gill-pouches. I?, Diagram 
of the structure of the gill-pouches : o o External apertures ; i i Apertures leading 
into the pharynx ; s s Gill-sacs, containing the fixed gills. 


canal. The intestine is extremely short ; but, to compensate 
for this, there is a peculiar folding of the mucous membrane, 
constituting what is known as the ‘‘spiral valve.” The mucous 
membrane, namely, from the j)ylorus to the anal aperture, is 
folded into a spiral reduplication, which winds in close coils 
round the intestine, like the turns of a screw. By this means 
the absorptive surface of the intestine is enormously increased, 
and its shortness is thus compensated for. 

It is to be noted that some high authorities are in favour 
of the view that the Elasviobranchii are to be regarded as a 
distinct class, and not as merely an order of the class Pisces. 

The order Elasmobranchii is divided into two sub-orders : 
the Holocephali, characterised by the mouth being terminal in 
position, and there being only a single gill-slit ; and the Plagio- 
sto 7 ni, in which the mouth is transverse, and placed on the 
under surface of the head (fig. 268, A), and there are several 
branchial apertures on each side of the neck. 

Sub-order A. Holocephali. — This sub-order includes 
certain curious fishes, of which the only living forms are the 
Chimeeridee. The notochord is persistent ; but the neural arches 
and transverse processes are cartilaginous. The jaws are 
bony, and are covered by broad plates representing the teeth. 
The exoskeleton consists of placoid granules. The first ray 
of the anterior dorsal fin is in the form of a powerful defensive 
spine, like the “ ichthyodorulites ” of many fo.ssil fishes. The 
ventral fins are abdominal, and the tail is hcterocercal. There 
is only a single external gill-aperture, covered with a gill-cover 
and branchiostegal membrane; but only a small portion of 
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the borders of the branchial laminae is free. The mouth is 
placed at the extremity of the head. 

The best-known living representative of the sub-order is the Chimara 
vionstrosa (fig. 269, B), commonly known as the “king of the Herrings.” 




Fig. 2()9. — A, Sji/uftjr acanthias, one of the Dog-fislics. li, Chinurra moiistrosa. 
C, Tail-spine of an F.agle-ray (Myliobatis). 


Ill Chinutra there is only one apjiarent gill-slit, but the gills really adhere 
to the integument by a large portion of their borders, and there are conse- 
rpiently five holes communicating with the gill-slit. A rudimentary oper- 
culum is present, covered by the skin. In the closely-allied Callorhynchus 
from the South Seas, there is a large fleshy appendage at the end of the 
snout. In the Secondary and Tertiary Rocks are found several fossil 
forms, constituting the genera Edaphodus, Eiusmodus^ and Ischiodtts. 

Sub-order B. Plagiostomi. — This sub-order is of consider- 
ably greater importance, as it includes the well-known Slnirks 
and Rays. Hie vertebral centra are usually more or less ossi- 
fied, and even when quite cartilaginous, the centra are marked 
out by distinct rings. The skull is in the form of a cartila- 
ginous capsule, without distinct cranial bones. The mouth is 
transverse, and is placed on the under surface of the head 
(fig. 268, A). The exoskeleton consists of placoid granules, 
tubercles, or spines. The branchial sacs open externally by 
as many Jiistinct apertures as there are sacs, and there is no 
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operculum. A pair of tubes proceed from the pharnyx to open 
on the upper surface of the head by two apertures, which are 
termed ‘‘ spiracles,” and which are sometimes regarded as the 
homologues of the Eustachian tube and external meatus audi- 
torius (Wyman). By means of these water can be admitted 
to the pharnyx, and thence to the gills. 

By Professor Owen the Plagiostomi are divided into three sections, 
termed respectively the Cestraphori^ the Selachii^ and the Batuics, 

a. Cestraphori . — In this division there is a strong spine in front of each 
dorsal fin, and the back teeth are obtuse (fig. 270). The only living repre- 



Fig. 270. — Upper jaw of Port Jackson Shark {Ccstracion\ showing the pavement of 
crushing teeth. Orie-half the natural size. (After Ow’cn.) 

sentatives of this group are the Port Jackson Shark (CesCracion Philippi)^ 
and some allied forms, characterised by their pavement of plate-like crush- 
ing teeth, adapted for comminuting small Molluscs and Crustaceans. They 
are exclusively inhabitants of the Pacific Ocean, and are remarkable for their 
close resemblance to a large group of extinct forms, of which the best known 
are the genera Hybodus and Acrodus from the Secondary rocks. 

A Selachii . — This group comprises the formidable Sharks and Dog- 
fishes, and is characterised by the lateral position of the branchiae on the 
side 6f the neck, and by the fact that the pectoral fins have their ordinary 
form and position, and their anterior ends are not connected with the skull 
by cartilage.s. The skull also has a median facet for the first vertebra. 
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The Dog-fishes are of common occurrence in British seas, but are of little 
value. Their egg-cases are frequently cast up on our shores, and are 
familiarly known as “Mermaid’s purses.” The embryo possesses external 
branchiiv, developed both from the spiracle and the branchial arches ; but 
these structures disappear in the course of growth. The true Sharks are 
not infrequently found in various European seas, but they are mostly 
inhabitants of warmer waters. One of the largest is the “ White Shark.” 
{CarcAarias vulga^'is)^ which attains a length of over thirty feet. The 
body in the Sharks [Sqtialidce) is not rhomboidal, but is elongated ; the 
nostrils are placed on the under side of the snout, and the teeth are ar- 
ranged in several rows, and are in the form of compressed cones. During 
life, the cartilaginous jaws are so far flexible that their margins can be 
partially everted, thus bringing more than one row of teeth into use at one 
time ; but the innermost rows are principally employed to replace the 
outer rows, when the latter are worn out. 

c. Bat ides . — This group includes the Rays and Skates, and is distin- 
guished by the fact that the branchial apertures are placed on the under 
surface of the body, forming two rows of openings a little behind the 
mouth. In the typical members of the group the body is flattened out so 
as to form a kind of rhomboidal disc (fig. 271), the greater part of which 
is made up of the enormously- 


developed pectoral fins. The 
pectoral fins are united by cartil- 
age with the skull, and theie is 
no median facet upon the occiput 
for articulation wdth the first ver- 
tebra. Upon the upper surface 
of the disc are the eyes and spir- 
acles ; upon the low'er surface arc 
the nostrils, mouth, and branchial 
apertures. The flattened Ixxlies 
of the Rays, however, must be 
carefully distinguished from those 
of the Flat-fishes {Bieuronectidie). 
In the former the flat surfaces of 
the body are truly the dorsal an<l 
ventral surfaces. In the latter, 
as before remarked, the body is 
flattened, not from above down- 
wards, but from side to side, an<l 
the head is so twisted that both 
eyes are brought to one side of 
the body. The tail in the Rays 
is long and slender, usually armed 
w'ith spines, and generally with 
two or three fins (the homologues 
of the dorsal fins). The mouth 



Fig. 271. — Batidcs. marginaia^ one of 

the Skates. Reduced one - sixth. 

Gosse.) 


is often paved with flat teeth, of a more or less rhomboidal shape. 

The typical members of the Batidcs are the Skates and Kays, of w hich 
the common Thornback {Bata chu'ata') may be taken as a familiar example. 
More remarkable than the common Rays is the Electric Ray or Torpedo, 
which has the power of discharging electrical shocks if irritated. The 
identity of the force produced in this way with the electricity of the ma- 
chine has been demonstrated by many careful experiments. The Torpedo 
owes its remarkable power to tw^o special organs— the “ electrical organs,” 
which consist of two masses placed on each side of the head, and consisting 
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each of numerous vertical gelatinous columns, separated by membranous 
se])ta, and richly furnished with nerves from the eighth pair ; the whole 
arrangement presenting a singular resemblance to the cells of a voltaic 
battery. There is no doubt, however, but that the force which is expended 
in the production of the electricity is only nerve-force. For every equiva- 
lent of electricity which is generated, the fish loses an equivalent of nervous 
energy ; and for this reason the production of the electric force is strictly 
limited by the amount of nerve-force possessed by the animal. 

Other well-known membei-s of the family are the Sting-rays ( 7;x^w/), 
the Eagle-rays {Myliohatis)^ the Horned Rays {Cejf/iaioptera)^ and the 
Jieaked Rays {fihinobatis). 

In the Saw-fish (Pristis anfii/ttorum) the body has not the typical flat- 
tened form of the Rays, and the snout is elongated so as to form a long, 
sword-like organ, the sides of which are furnished with strong tooth-like 
spines. This constitutes a powerful weapon, with which the Saw-fish 
attacks the largest marine animals. Though principally inhabiting the 
sea, the Saw-fishes are not wholly marine, fresh-water forms occurring in 
Nicaragua and in the Philippines. 

Before leaving the Ehismohranchii^ a few words may be said as to their 
position in the class of fishes. From the cartilaginous nature of the en- 
doskeleton, and the similarity between the form of their gills and those 
of the Lampreys and Myxinoids, the FAasmohranchii were long placed low 
down in the scale of fishes, to which also the permanently heteroccrcal tail 
conduced. When we come, however, to take into consideration the .sum 
of all their characters, there can l)e little hesitation in placing the order 
nearly at the summit of the entire class. The nervous system, and csp)e- 
cially the cerebral mass, is very much more highly developed proportion- 
ately than is the case with any other division of the fishes. The organs of 
sense are, comparatively speaking, of a very high grade of organisation, 
the auditory organs being more than ordinarily elaborate, the eyes being 
sometimes furnished with a third eyelid {membrana nictitaus)^ and the 
nasal sacs having a very complex structure. The structure of the heart 
agrees with that of the Ganoids, and is a decided advance upon the heart 
of the more typical bony fishes. Finally, the embryo, before its exclusion 
from the egg, is furnished with external filamentous branchiae, this being 
a decided approximation to the Amphibia. 


Order VI. Dipnoi {- Profopteri, Owen). — "riiis order i.s a 
small one, and includes no other living forms than Mud fishes 
(Lepidosiren and Ceratodus) ; but it is nevertheless of great 
importance as exhibiting a distinct transition between the fishes 
and the Aftiphibia. So many, in fact, and .so striking, are the 
points of resemblance between the two, that until recently the 
Lepidosiren (fig. 27*2) was always made to constitute the lowest 
class of the Amphibia, The highest authorities, however, now 
concur in placing it amongst the fishes, of which it constitutes, 
with Ceratodus., the highest order. The order Dipnoi is defined 
by the following characters: The body is fish -like in shape. 
There is a skull 7 uith distinct cranial bones and a lower jaw^ but 
the notochord is persistent^ and there are 710 vef tebral ce 7 itra, fior 
an occipital condyle. The exoskeleton consists, in the living types, 
of horny ovcrlappifig scales, having the *Wycloid'^ chat\tcter ; but 
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various extinct forms have ganoid ” scales. The pectoral a?td 
ventral limbs are both present^ but have (in Lepidosiren) the form 
of awl-shaped, filiform, many-jointed organs, of which the former 



Fig. 272.— Dipnoi. Lepidosiren anncctcns. 


only have a membranous fringe inferiorly. The ventral limbs are 
attached close to the anus, and the pectoral arch has a clavicle ; 
but the scapular arch is attached to the occiput. In Ceratodus 
(fig. 273) the pectoral and ventral limbs have the same form as 
in the Crossopterygious Ganoids. The caudal jin is symmetric 
cal^ or^ in some extinct fornis^ may be heterocercal. The heart has 
two auricles and one ventricle. The respiratory organs are two- 
fold^ consisting^ on the one handy of free filamentous gills con- 
tained in a branchial chamber y which opens externally by a single 
vertical gill-slit ; and, on the other handy of true lungs in the form 
of a double cellular air-bladdery communicating with the oesopha- 
gus by means of an air-duct or trachea. The branchice are sup- 
ported upon branchial archeSy but these are not connected with the 
hyoid bone ; and in some cases y at any ratCy rudimentary external 
branchue exist as well. The nasal sacs open posteriorly into the 
throat. 

If these characters are examined a little more minutely, it 
is easy to point to those in which the Dipnoi approach the 
Fishes, and to those in which they resemble the Amphibians. 
'Fhey resemble the fishes in the shape of the body, and in the 
possession of a covering of horny overlapping scales of the true 
cycloid character ; whilst the limbs are more like those of fishes 
than of reptiles. The fin, also, which clothes the posterior 
extremity of the body, is of a decided fish-like character. The 
most marked piscine feature, however, is the presence of free 
branchise, attached to branchial arches, and placed in a bran- 
chial cavity, which opens internally into the pharynx by a 
number of fissures, and communicates externally with the outer 
world by means of a single vertical gill-slit. 

On the other hand, the Dipnoi approximate to the Amphi- 
bians in the following important points: 'I'he heart consists 
of three cavities, two auricles, and a single ventricle. True 
lungs are present, with a trachea and glottis, returning their 
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blood to the heart by a distinct pulmonary vein, and in every 
respect discharging the functions of the lungs of the higher 
Vertebrates. It is true that the lungs of the Diptwi are merely 
a modification of the swim-bladder of the other fishes, but the 
significance of the change of function is not affected by this. 
Lastly, sometimes, at any rate, there are rudimentary external 
branchiae placed on the side of the neck. This feature, as will 
be seen shortly, is characteristic of all the Amphibians, either 
permanently or in their immature state. 

Upon the whole, then, whilst for the purposes of systematic 
classification the Dipnoi must be placed amongst the Fishes, 
it is not to be forgotten that many of their characters are those 
of a higher class, and that they may justly be looked upon as 
a connecting link, or transitional group, between the two great 
divisions of the Fishes and the Amphibians. 

As regards their distribution and mode of life, two species 
at least of Lepidosiren are known — the L. paradoxa from the 
Amazon, and the L. {Profopten/s) anncctens from the Gambia. 
They both inhabit the waters of marshy tracts, and are able in 
the dry season to bury themselves in the mud, forming a kind 
of chamber, in which they remain dormant till the return of the 
rains. Recently there has been discovered in the rivers of 
Queensland (Australia) a fish which has been described under 
the name of Ceratodus Porsteri, and which shows itself to be 
very closely related to the Lepidosiren, This singular fish (fig. 
273) — the “ Jeevine”* of the natives — is from three to six 



^ Fig. 2T^,—CeyatO(ius Forsteri, the Australian Mud-fi,sh, reduced in size. 


feet long, and has the body covered with large cycloid scales, 
a species with smaller scales having been described as C, mio- 
lepis. The skeleton is notochordal, all the bones remaining 
permanently cartilaginous. There is a well-developed opercu- 
lum, but — as in Lepidosiren — no branchiostegal rays. The 
tail is homocercal, and the pectoral and ventral fins are sup- 
ported by a median, many-jointed, cartilaginous rod, with 
numerous lateral branches on each side. The heart consists 

* The name of “ .Barramunda ” seems to have been given to Ceratodus 
by error, the native Australians apparently calling it the *‘Jccvinc” or 
“Teebine.” 
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of a single auricle and ventricle, with a “Ganoid” bulbus 
arteriosus. There are five branchial arches, of the Tcleostean 
type, but cartilaginous. The swim-bladder is single, composed 
of two symmetrical halves, cellular in structure, with a pneu- 
matic duct and glottis, as in Lepidosiren, The intestine has a 
spiral valve, and there are no pyloric caeca. There are two 
molar teeth in each jaw, having the form of flattened undu- 
latec plates of bone, singularly like the teeth of Ceratodus 
fron: the Trias (fig. 274). The Ceratodi employ these crush- 



Fi};. 274. -A, Dental plate of Ceratodus ser rains, Keuper. B, Dental plate of 
Ceratodus altus, Keuper. (After Agassiz.) 

ing teeth in the mastication of vegetable matter, upon which 
ther feed ; and they are slated to leave the streams which 
the^ inhabit, at night time, in order to betake themselves to 
the marshy flats in the vicinity, where they obtain an abun- 
dait supply of food. 

The genera Lcpido siren (with Protopterus) and Ceratodus 
conprise. the few living species of Dipnoi, and constitute a 
specal division {Siren oidet) characterised by the possession of 
horn» cycloidal scales, a symmetrically divided caudal fin, and 
an individed dorsal fin. There are, however, a few Palaeozoic 
gener, of Dipnoi — of which the most important are Dipterus 
and tcnodus — which constitute a distinct sub-order {Ctenodip- 
terini) characterised by their enamelled scales, their hetero- 
cereal ails, and their possession of two dorsal fins. 

Upo the whole. Dr Gunther concludes that the Dipnoi are 
to be rgarded as a simple sub-order of Ganoids, and that the 
entire »rder Ganoidei may be united with Elasmobranchii 
into a sigle order, called PalaichthyeSy characterised by having 
a “ hea\ with a contractile bulbus arteriosus, intestine, with a 
spiral vw, and optic nerves non-decussating.” 
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CHAPTER LVL 

DISTRIBUTION OF FISHES IN TIME, 

The geological history of fishes presents some points of pe- 
culiar interest. Of all the classes of the great sub-kingdom 
Vertebrata^ the fishes are the lowest in point of organisation. 
It might therefore have been reasonably expected that they 
would present us with the first indications of vertebrate life 
upon the globe ; and such is indeed the case. After passiag 
through the enormous group of deposits known as the Lauren- 
tian, Huronian, Cambrian, and Lower Silurian formations— 
representing an immense lapse of time, during which, so fai 
as we yet know with certainty, and leaving the “ Conodonts ” 
out of sight, no vertebrate animal had been created — we find 
in the Upper Silurian rocks the first traces of fish. The e^r- 
liest of these, in Britain, are found in the base of the Ludlow 
rocks (Lower Ludlow Shale), and belong to the Placoganoid 
genus Fteraspis, Also in the Ludlow rocks, but at the sumnit 
of their upper division, are found fin-spines and shagrem, 
probably belonging to Cestraciont fishes — that is to say, to 
fishes of as high a grade of organisation as the Elasmobrancni. 
So abundant are the remains of fishes in the next great geo- 
logical epoch — namely, the Devonian or Old Red Sandstone— 
that this period has frequently been designated the Agf of 
Fishes.” Most of the fishes of the Old Red Sandstone be&ng 
to the order Ganoideiy but the order Dipfioi appears to be/ilso 
represented. In the Carboniferous and Permian rocks \<iich 
close the Palaeozoic period, most of the fishes are still Gaioid, 
but the former contain the remains of many Elasmobraichii. 
At the close of the Palaeozoic and the commencement f the 
Mesozoic epoch, the Ganoid fishes begin to lose that prdom- 
inant position which they before occupied, though the con- 
tinue to be represented through the whole of the Msozoic 
and Kainozoic periods up to the present day. The Gnoids, 
therefore, are an instance of a family which has ddured 
through the greater part of geological time, but whia early 
attained its maximum, and has been slowly dying at ever 
since. Towards the close of the Mesozoic period (inne Cre- 
taceous period) the great family of the Teleostean r Bony 
Fishes is for the first time known certainly to have Jade its 
appearance. The families of the Marsipobranchii zxiUPharyn- 
gobranchii have not left, so far as is known, any traerfof their 
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existence In past time. Judging from analogy, however, it is 
highly probable that both of these must have had a vast 
antiquity, and it is not impossible that the so-called “ Cono- 
donts of the Palaeozoic period may yet be shown to be the 
teeth of fishes allied to the Lampreys. 

Leaving these unrepresented orders out of consideration, the 
following are the chief facts as to the geological distribution of 
the other great groups : — 

I . Ganoidei, — As far as is yet known with certainty, the 
oldest representatives of the fishes belong to this order. The 
order is represented, namely, in the Upper Silurian rocks 
by the remains of at least four genera. In the Devonian 
rocks, or Old Red Sandstone, the Ganoids attain their maxi- 
mum both in point of numbers and development. The 
Placoganoid division of the order is represented by the 
singular genera Pterichthys^ Cephalaspis (fig. 267), Pteraspis^ 
and Coccosieus, The Lepidoganoid division of the order is 
now also abundantly represented for the first time, the genera 
Dipterus^ Osteolepis (fig. 265), Glyptolepis^ Holopiychitis^ Dipl a- 
canthus^ and many others, belonging to this section. As 
regards the further distribution of the Placoganoids, the section 
of the Ostracostei^ characterised by the great development of 
the cephalic buckler, ajjpears to have died out at the close of 
the Devonian period. The other section, however — namely, 
that of the Slnrionidie — is represented in the Liassic period 
{Mesozoic) by the genus Chondrostcus^ and in the Eocene 
{Kaifiozoic) by a true Sturgeon, the Acipenser toliapicus. 

The Lepidoganoids continue from the period of the Old Red 
in great profusion, and they are represented by very many 
genera in the Carboniferous and Permian rocks. In the earlier 
portion of the Mesozoic period — /.<?., in the Lias and Trias — 
they are still represented, but all the forms are as yet hetero- 
cercal. In the Oolitic rocks, for the first time, Lepidoganoids 
with homocercal tails (fig. 266, B) appear, and they continue 
to be represented up to the present day. 

II. Elasmobrafic/iii, — Like the Ganoidei^ the great order ot 
the Sharks and Rays is one of vast antiquity. At the top of 
the Upper Ludlow rocks, or at the close of the Upper Silurian 
epoch, there have been discovered the remains of undoubted 
Plagiostomous fishes, mostly nearly allied to the existing Port 
Jackson Shark (Cestracion Philippi), These remains consist 
chiefly of defensive spines, which formed the first rays in the 
dorsal fins, and upon these the genus Onchus has been founded. 
Besides these there have been found portions of skin or 
“shagreen,^' with little placoid tubercles, like the skin of a 
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living shark. These have been referred to the genus Sphagodtis, 
They are the earliest known remains of Plagiostomous fishes, 
and, with the exception of the few remains from the Lower 
Ludlow rocks, they are the earliest known remains of fishes in 
the stratified series. The discovery of these remains, at that 
time the earliest known traces of Vertebrate life, is due to the 
genius of Sir Roderick Murchison, the author of ‘ Siluria.* 







Fig. 275. — I. spine of Pleriracnnthus (one of the Kays) ; 2. Gyracanthns 3. Cte in- 
canthus ; 4. 'I'ooth (jf Pcialodus ; 5. Psammodus; 6. Ctenoptychhis. All fro:n ihe 
Carboniferous rocks. 


^fost of the fossil Elasmobranchii belong to the division 
Ccstraphori of Owen, so called because they are provided with 
the large fin-sj^incs, which are known to geologists as ** ichthyo- 
dorulites.** The two families of this division — the Cestracionts 
and Hybodonts — are largely represented in past time, the 
former chiefly in the PaLneozoic period, the latter chiefly in 
the Mesozoic rocks. Above (fig. 275) is an illustration of 
the “ ichthyodorulites ” and teeth of some of the Palaeozoic 
Ccstraphori. 

The true Sharks are represented in the later Me.sozoic 
deposits by teeth of Notidanus in the Oolites); but they 
are chiefly Tertiary. The teeth of Odontaspis^ Gaieocerdo, and 
Carcharodofi, are good examples from the Eocene. The true 
Rays are older than the true Sharks, the Carboniferous fossil, 
Pleuracanthus, being probably the spine of a Ray (fig. 275). 
Numerous remains of Rays, chiefly in the form of !he pave- 
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ment-like teeth, are known, both from the Secondary and 
Tertiary rocks. The last division of the Elas 7 nohranchii — 
viz., that of the Holocephali — is poorly represented in past 
time by Mesozoic and Kainozoic genera such as Ischiodus^ 
FJasmodtis^ Gfinodus, and Kdaphodus. 

III. The order of the Dipnoi ^ until of late years, was not 
known to be re])resented in past time at all. By the discovery, 
however, of the Queensland Cerafodi, it is now known that the 
Triassic and Jurassic teeth (fig. 274), upon which the genus 
Ceraiodus was originally founded by Agassiz, are truly refer- 
able to Dipnoous fishes, mostly closely allied to the living 
forms. No other form of the Sirenoid division of the Dipnoi 
is known save Cei^atodus ; but the Ciejwdipterine ^\vh\ox\ of the 
order is well represented in i)ast time by the Dipterus of the 
Devonian, the Ctnwdus of the Devonian and Carboniferous, 
and some other less important genera. 

IV. T'he Bony or Teleosican fishes do not make their ap- 
])earance sooner than the Cretaceous period — that is, towards 
the close of the Mesozoic epoch. From this time on, how- 
ever, Bony fishes with cycloid or ctenoid scales are the chief 
representatives of the whole class, and the order appears to 
have attained its maximum in our present seas. 
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CHAPTER LVIL 
CLASS II,— AMPHIBIA, 

The class Amphibia comprises the Frogs and Toads, the Sala- 
mandroids, the CcBcilicB^ and the extinct Labyrinthodonts^ and 
may be briefly defined as follows : — As is the case with the 
Fishes, the embryo is not furnished with an amnion, and the 
urinary bladder is the only representative of the allantois. As 
in Fishes, also, branchiae or filaments adapted for brcathinjn^ air 
dissolved in 7vater are ahvays drveloped upon the visceral arches 
for a lon^o^er or shorter time. On the other hand, the Amphibi- 
ans differ from the Fishes in the fact true lungs an ahuays 
present in the adult ; the limbs are nerver convetled into fins ; and 
7vhen ??iedian fins are present^ as is sometimes the case, these are 
never furnished 7(>ifli fin-rays. The limbs, when ])resent, exhibit 
in their skeleton the same parts as do the limbs of the higher 
Vertebrates. The skull ahvays articulates 7cith the vertebral 
column by means of tivo occipital condyles. The heart consists of 
t7vo auricles and a single ventricle. The nasal sacs communicate 
posteriorly luith the pharynx ; and the rectum, ureters, and ducts 
of the reproductive organs open into a common chamber or 
“ cloacaP 

The great and distinguishing character of the Amphibia is 
the fact that they undergo a metamorphosis (rarely concealed 
or inconspicuous) after their exclusion from the egg. They 
commence life as water-breathing larvae, provided with gills or 
branchix ; but in their adult state they invariably possess 
lungs — the branchiae in the higher forms disappearing when 
the lungs are developed — but being in other cases permanently 
retained throughout life. 

In the earliest embryonic condition the branchiae are exter- 
nal, placed on the side of the neck, and not situated in an 
internal chamber, as in Fishes. In some cases the external 
branchiai only are present, and they are, in any case, the gills 
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which are retained in those forms in which the branchiae are 
permanent {Perennibranchiata). In the tailless Amphibians 
[Anoura), with hardly an exception, two sets of gills are de- 
veloped — an external set, which is very soon lost, and an inter- 
nal set, which is retained for a longer or shorter period. As 



maturity is approached, true lungs adapted for breathing air 
are developed. The development, however, of the lungs varies 
with the completeness with which aerial respiration has to be 
accomplished ] being highest in those forms which lose their 
gills when grown up {Caducibranchiata), and lowest in those in 
which the branchiae are retained throughout life {Perennibran- 
c/iiata ) ; while even in the highest forms of the class the struct- 
ure of the lung is very simple. 

In accordance with the change from an aquatic or branchial 
to a more or less completely aerial or pulmonary mode of 
respiration, considerable changes are effected in the course 
and distribution of the blood-vessels. In the larval condition, 
when the respiration is entirely effected by means of the gills, 
the circulation is carried on very much as it is in Fishes. 
The heart is composed of a single auricle and ventricle, and 
the blood is propelled through a bulbus arteriosus and bran- 
chial artery to the gills. The aerated blood is then collected 
in the branchial veins, and instead of being returned to the 
heart, is forthwith propelled to all parts of the body, the de- 
scending aorta being formed out of the branchial veins. At 
this stage, therefore, the heart is a branchial one, and the single 
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contraction of the heart is sufficient to drive the blood through 
both the branchial and systemic circulations, just as we saw 
was permanently the case with all the Fishes except the 
Dipnoi, The pulmonary arteries are at first very small, and 
take their origin from the last pair of branchial arteries. When 
the lungs, however, are developed, and the respiration com- 
mences to be aerial, the pulmonary arteries increase proj^or- 
tionately in size, and more and more blood is gradually 
diverted from the gills and carried to the lungs, so that the 
branchiae suffer a proportionate diminution in size. In those 
Amphibians in which branchiae are permanently retained 
{Perennibrafichiata), this state of affairs remains throughout 
life — that is to say, a portion of the venous blood is sent by 
the pulmonary artery to the lungs, and a portion goes to the 
gills. In those Amphibians, however, in which the adult 
breathes by lungs alone {Cadndbranchiatd)^ further changes 
ensue. In these the pulmonary arteries increase so much in 
size that they ultimately divert all the blood from the branchiae, 
and these organs, having fulfilled their temporary function, 
become atrophied and disappear. The vessels which return 
the aerated blood from the lungs (the pulmonary veins) increase 
in size proportionately with their increased work, and ultimately 
come to open into a second auricle formed at their point of 
union. The heart, therefore, of the Amphibia in their adult 
state consists of two auricles and a common ventricle. The right 
auricle receives the venous blood from the body, and the left 
receives the arterial blood from the lungs, and both empty their 
contents into the single ventricle. As in Reptiles, therefore, 
the ventricular cavity of the heart in adult Amphibians contains 
a mixed fluid, partly venous and partly arterial, and from this 
both the body and the lungs are supplied with blood. 

The larval Amphibians are furnished with a more or less 
extensively developed caudal appendage or tail, which may or 
may not be retained throughout life. In the so-called “ tailed 
Amphibians, such as the Newts, the larval tail is permanently 
retained (fig. 277) ; whereas in the “Tail-less forms, such as 
the Frogs (fig. 276), the tail is absorbed before maturity is 
attained. In a few cases, it seems questionable if the larva: 
possess branchiae, and there is no metamorphosis properly so 
called, since the young animal resembles the adult in all 
except size almost immediately after exclusion from the egg. 
In one of these cases {Hylodes) the larval tail appears to offici- 
ate as a breathing-organ, before emergence from the egg, but 
is absorbed within the first day after hatching. In other 
cases, ag^in — e,g.j in Fipa and Nototrema — though a metamor- 
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phosis takes place, this is completed before the young animal 
begins to lead a free existence. 

The endoskeleton of the Amphibia is generally well ossified, 




and the skull possesses two occi[)ital condyles. The vertebrae 
are biconcave or amphiccelous (as in Fishes) in Proteus^ Catcil- 
ia/is, and most of the extinct Labyrinthodonts. In the Sala- 
manders and Surinam Toads the vertebrae are opisthocoelous, 
but most of the other Amphibians have procoelous vertebrae. 
The length of the vertebral column is greatly reduced in the 
tail-less forms, and the number of vertebrae is correspondingly 
small. The sacrum is seldom composed of more than one 
vertebra, and there are often no separately-ossified ribs. In the 
Tailed Amphibians and the Caecilians, however, there are well- 
developed ribs, which are never supplemented in front by 
sternal ribs, though a cartilaginous or partially-ossified sternum 
may be present. 

Limbs may be entirely wanting (as in the Cjecilians and 
some of the Labyrinthodonts) ; but all the other members of 
the class possess both pairs of limbs, with the exception of the 
genus Siren^ in which the pelvic limbs are wanting (fig. 277). 

The skin is mostly soft, moist, and richly provided with 
glands; the Caecilians have mostly small rounded horny 
scale.s imbedded in the integument; and the extinct Laby- 
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rinthodonts possessed a ventral armour of bony scales. In- 
tegumentary ossifications are also developed in some other 
cases (e.g., Ceratophrys), 

As regards the digestive system of the Amphibia there is 
little to say, except that the rectum opens, as it does in Rep- 
tiles, into a common chamber or “ cloaca,” into which are also 
discharged the secretions of the kidneys and generative organs. 
A liver, gall-bladder, spleen, and pancreas are always present. 
Singular pulsating cavities, belonging to the lymphatic system, 
and known as “ lymph-hearts,” are also present in the higher 
Amphibians. The alimentary canal is much longer in the lar- 
val Amphibians than in the adult. A tongue may or may not 
be present, but there are no salivary glands. Teeth are 
usually developed in the vomer, prcemaxillas, maxillae, and 
mandible, and are generally disposed in the upper jaw in the 
form of two concentric semicircles. In the larvae of the Frogs 
and Toads the front of the maxillae and mandible are encased 
in a horny beak. 

A urinary bladder is present, opening into the cloaca, and 
there are well-developed kidneys. The ducts of the reproduc- 
tive organs communicate with the urinary ducts. The ova are 
usually impregnated outside the body ; but internal impregna- 
tion occurs in some of the Urodcla, 


CHAPTER LVIll. 

ORDERS OF AMPHIBIA, 

The Amphibia are usually divided by modern writers into 
four orders, the old order Lepidota, comprising the Mud Fishes^ 
being now placed at the head of the Fishes, under the name 
of Dipnoi, Whilst there is a general agreement as to the 
number and characters of the Amphibian orders, the names 
employed to designate them are very various, and it really 
matters little which are adopted. 

Order I. Ophiomorpha, Owen ( = Gymnopkiona^ Huxley ; 
Apoda^ Peromelay Ophidobatrachia') : — Serpattiform or vermi- 
form Amphibians, without limbs ; anus terminal ; skin mostly 
7 inth horny scales imbedded in it. Eyes rudimentary or absent. 
This is a small order, including only certain snake-like, 
vermiform animals (fig. 278) which are found in various tropi- 
cal counfries, burrowing in marshy ground, something like 

2 K 
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gigantic earth-worms ; while some of them seem to temporarily 
inhabit water. They form the family Caciliada (so called by 



F'ig. 278. — Ophiomorpha. a Siphonnps aunulatus, one of the C'ajcilians, much reduced : 

b Head ; c Mouth, showing the tongue, teeth, and internal openings of the noitriU ; 

r/Tail and cloacal aperture. (After Dumcril and Ihbron ) 

Linnaeus from their su])posed blindness), and are characterised 
by their snake-like form, and by having the anus placed almost 
at the extremity of the body. The body is cylindrical and 
worm-like, and is completely destitute of limbs. The skin is 
glandular, naked, and viscous, thrown into numerous folds, 
and containing numerous delicate, rounded, horny scales, 
which are dermal in their character, and are wanting in Sip/io- 
nops aunulatus. The mandibular rami are short, and are 
united in front by a symphysis. The teeth are long, sharp, 
and generally recurved ; and a row of palatine teeth forms a 
concentric series with the maxillary teeth. The tongue is 
fleshy, fixed to the concavity of the lower jaw, and not pro- 
trusible (fig. 278). The ribs are numerous, but there is no 
sternum. The adult possesses lungs, one of which is smaller 
than the other, and the nose opens behind into the mouth. 
The eyes are rudimentary, nearly concealed beneath the skin, 
or altogether wanting. 

The position of the Ccecilm was long doubtful ; but their 
Amphibian character was ultimately proved by the discovery 
that whilst the adult breathes by lungs, the young, in some 
cases, possess internal branchiae, communicating with the ex- 
ternal world by a branchial aperture on each side of the neck ; 
while in other cases the adult is viviparous, and flie young, 
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prior to birth, are furnished with vesicular external branchiae 
placed on the side of the neck. In addition to the presence 
of branchiae in the larva, the Caecilians are further connected 
with the Amphibia by their possession of a double occipital 
condyle and of a glandular skin ; whilst they approach the 
Fishes in generally having small horny scales embedded in the 
integument, and in the fact that the vertebrae are amphicadous, 
and the cavities formed by their apposition are filled with the 
gelatinous remains of the notochord. As regards their distribu- 
tion in space, the species of Ccecilia are found in India, Africa, 
and South America ; Siphonops and Rhinatrema are exclusively 
American ; and Epicrium is exclusively Asiatic. 

Order II. Urodela Ichthyomorpha, Owen; Sauroba- 
trachia ). — 'Phis order is commonly spoken of collectively as 
that of the “ Tailed ” Amphibians, from the fact that the larval 
tail is always retained in the adult. The Urodela are charac- 
terised by having the skin nakedy and (except in Salamandra 
nngiiiculata) destitute of any exoskeleton. The body is elongated 
posteriorly to form a compressed or cylindrical tally 'luhick is per- 
manently retained throughout life. The dorsal vertebree are 
biconcave {amphica'lous)y or concave behind and convex in front 
(ppisthoccelous)y and they have short ribs attached to the transverse 
processes. The bones of the fore-arm {radms and ulna) 07 i the 
one handy and those of the shank {tibia and fibula) on the othery 
are not anchylosed to form single bones. 

In one section of the order — formerly called Amphipneusta 
— the gills are retained throughout life, and the animal is there- 
fore “ perennibranchiate.” In this section are the P/'oteus, 
Siren, Menobranchus, &c. In the remaining members of the 
order the gills disappear at maturity, and the animal is there- 



Fig. 279. — Head and fore-part of the botly of Proteus tiM^uiuuSy sliowing the 
external brauchia: and tridactylous forc-hiub. 


fore “ caducibranchiate,” In this section arc the Land and 
Water Salamanders, One form, however — the Axolotl ot 
Mexico — appears to be sometimes caducibranchiate, though 
generally perennibranchiate. The genera Amphiuma and 
Menopomay also, exhibit a partially intermediate state of parts ; 
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for though they lose their branchine when adult, they never- 
theless retain the branchial apertures behind the head. 

Of the perennibranchiate Urodcla, one of the best known 
is the singular Proteus {HypocJithon) anguinus (fig. 279), which 

is only found inhabiting pools 
in certain caves in Illyria and 
Dalmatia. It is of a pale flesh - 
colour, or nearly white, with 
three branchial tufts on each 
side of the neck, while the 
gill-slits are also persistent. 
It attains a length of about a 
foot, and has two pairs of weak 
limbs, of which the anterior 
have three toes, and the pos- 
terior only two. From its hab- 
itat, the power of vision must 
be quite unnecessary, and, as 
a matter of fact, the eyes are 
altogether rudimentary, and 
are covered by the skin. Sev- 
eral varieties of Proteus are 
known, and the one figured 
above has been described as 
a distinct species {P. xautho- 
stictus). The blood-corpuscles 
in Proteus are oval in sha])e, 
and are larger than those of 
any other vertebrate animal. 

Of the Sirenidce, the most 
familiar are the Sirens and the 
Axolotls. The Siren, or Mud- 
eel (fig. 277, A), is found abun- 
dantly in the rice-swamps of 
South Carolina, and attains 
a length of three feet. The 
branchiae are persistent, and 
Fig. 280. —The Axolotl {Siredon pisci- the hinder pair of legs wholly 

>^anting. Iwo other species 
are known, but they are like- 
wise confined to North America. 

The Mexican Axolotl (Siredon pisciforme, fig. 280) is a 
native of the Mexican lakes, and attains a length of about a 
foot or fourteen inches. It possesses both pairs of limbs, the 
anterior pair having four toes, and the hinder pair five toes. 
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As ordinarily known in its native country, the Axolotl is cer- 
tainly perennibranchiate, and they breed in this condition 
freely. There is no doubt, however, that individual specimens 
may lose their gills, without thereby suffering any apparent 
change, except it be one of colour. The Axolotl, therefore, is 
in the singular position of being sometimes caducibranchiate,” 
whilst it is ordinarily ‘‘perennibranchiate.”* Nearly allied to 
the Axolotl is the Menobnxnchtis (fig. 277, C) of North America, 
in which the branchire are persistent. Ainphiuma (fg. 277, B) 
and Menopoma^ as already remarked, differ from the forms just 
mentioned in losing the gills when adult, but in retaining the 
external branchial apertures on the side of the neck. The 
species of Amphiuma arc North American, and have both 
pairs of limbs, though these are of very small size. 

The species of Menopoma^ as now restricted, are also con- 
fined to the fresh waters of the United States, and likewise 
possess both pairs of limbs. The Giant-salamanders of Java 
form the genus Skboldia or CrypiobnxnchuSy and differ from 
Mcnopoma chiefly in the fact that the gilfslits are closed in the 
adult. They reach a length of several feet, and are the nearest 
living allies of the extinct Andrias of the Miocene Tertiary. 

In the second section of the Urodela^ comprising those forms 
in which the gills are caducous, and both pairs of limbs are 
always present, are the Water-salamanders or Tritons, and the 
Land-salamanders. The Tritons are the only examples of the 
aquatic Salamanders which occur in Britain, and every one, 
probably, is accpiainted with the common Newt. 

The Water-salamanders or Newts (fig. 281) are distinguished 
from the terrestrial forms by being furnished with a compressed 
fish-like tail, and by being strictly oviparous. The larvm are 
tadpole-like, with external branchiie, which they retain till 
about the third month. The adult is destitute of gills, and 
breathes by lungs alone, but the larval tail is retained through- 

* Professor Marsh of New Haven has shown that the Siredon lichenoides 
of the western States of America, when kejit in confinement, loses its gills, 
and dorsal and caudal fins, whilst it changes much in colour, and under- 
goes various minor modifications in structure. Its habits, also, become 
less acjuatic, and it becomes apparently absolutely identical with Atnbly* 
stoma mavortium^ a Salamandroid. This discovery has thrown consider- 
able doubt upon the value of the distinction between perennibranchiate 
and caducibranchiate Amphibians, and has rendered it probable that all 
the species of Siredon are merely larval Salamanders, as long ago suspected 
by Cuvier. At the same time, the Axolotls certainly breed freely whilst in 
possession of their branchije, and there is as yet no proof that they lose 
their gills whilst in a state of nature. It is, in fact, still uncertain whether 
all the species of Siredon are merely larval stages of Amblystoma^ or whether 
all the Amolystomcc possess a larval Siredon-siage. 




Fiij. 281. — (Jreal Water-newt {Triton crista tns)~sSlcT liell. 


fore-feet are four-toed, the hind-feet five-toed ; and the males 
have a crest on the back and tail. 

The development of the Newts is so like that of the Frogs 
that it is unnecessary to dilate further u])on it here ; but there 
are these two points of difference to be noticed : ist/y, d'hat 
the embryonic tail is not cast off in the adult ; and, 2 (//yj That 
the fore-limbs appear externally sooner than the hind limbs — 
the reverse of this being the case amongst the Anoitra. 

I’he Land-salamanders form the genus Sa/amatidra, and are 
distinguished from their aquatic brethren by having a cylindri- 
cal instead of a compressed tail, and by bringing forth their 
young alive, or by being ovo-viviparous, in which case the 
larvae have sometimes shed their external branch im prior to 
birth. The head is thick, the tongue broad, and the palatine 
teeth in two long series. The skin is warty, with many glands 
secreting a watery fluid. The best-known sjiecies is tlie S. 
inacnlosa of Southern Europe. Another species {S. alphia) 
lives upon lofty mountains. The Salamanders of the Old 
World are represented in North America by various species 
of Amblystoma, 

Order III. Batrachia, Huxley; Thcriomorpha^ 

Owen ; Chelonobatrachia, Batrachia salientia^ iS:c.)“--This order 
includes the Frogs and Toads, and is characterised by the fol- 
lowing points : The adult is destitute of both pits and tail, both 
of which structures exist in the larra, whilst the two fairs of 
limbs are always f resent. The skin is soft^ and there are rarely 
any traces of a7i exoskeleton. The dorsal vertebree are froccelousf 
or concave in front, and are fmiiished with long transverse pro^ 
cesses, 7vhich take the place of ribs, lidiich are only present in a 
rudimentary form. The radius and ulna in the foredimb, and 
the tibia and fibula in the hinddimb, are anchylosed to }orm single 
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hones (fig. 282). The mouth is sometimes edentulous^ hut the 
upper jaw has usually small teeth, and the loiver jaw sometimes. 



Fig. 282.— Skeleton of the common Frog {Rana tetnporana). d Dorsal vertebrae, 
with long tran.sverse procc.sse.s. 


The hind-limbs usually have the digits webbed for S7vimmi?ig, 
and are generally much larger and longer than the fore-limbs. 
The vertebral column is short (of ten vertebrae in the Frogs, 
but only eight in Pipa), The tongue is soft and fleshy, not 
supported by an os hyoides, but fixed to the symphysis of the 
lower jaw in front. 

In the adult Anoura, respiration is purely aerial, and is car- 
ried on by means of lungs, which are, comparatively speaking, 
well developed. As there are no movable ribs by which the 
thoracic cavity can be expanded, the process of respiration is 
somewhat peculiar. The animal first closes its mouth, and 
fills the whole buccal cavity wdth air taken in through the 
nostrils. The posterior nares are then closed, and by the con- 
traction of the muscles of the cheeks and pharynx the inspired 
air is forcibly driven into the windpipe through the open 
glottis. The process, in fact, is one of swallowing ; and it is 
possible to suffocate a frog simply by holding its mouth open, 
and thereby preventing the performance of the above-men- 
tioned actions. There can be no doubt, also, that the skin in 
these animals plays a very important part in the aeration of 
the blobd, and that the frogs especially can carry on their 
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respiration cutaneously, without the assistance of- the lungs, 
for a very lengthened period. This undoubted fact, however, 
should not lead to any credence being given to the often-re- 
peated stories of the occurrence of frogs and toads in cavities 
in solid rock, no authenticated instance of such a phenomenon 
being as yet known to science. 

The young or larvae of the Frogs and Toads are familiarly 
known as ‘‘ Tadpoles.” The ova of the Frog are deposited in 
masses in water, and the young form, upon exclusion from the 
egg, presents itself as a tailed ” Amphibian, completely fish- 
like in form, with a broad rounded head, a sac-like abdomen, 
and a compressed swimming-tail (fig. 283, a). Behind the 



Fig. 283.— Development of the common Frog {Ratta tevi^oraria). a Tadpole viewed 
from above, snowing the external branchiae ; b Side view of a somewhat older 
specimen, showing the fish-likc tail ; c Older specimen, in which the hind-legs have 
appeared ; d Specimen in which all the limbs arc present, but the tail has nut been 
wholly absorbed. (After Bell.) 


mouth are placed little holders ” or organs of adhesion ; and 
the upper and lower jaws acquire horny sheaths and con- 
stitute a kind of beak. There are at first two sets of gills, one 
external and the other internal. The external branchije (fig. 
283, a) have the form of filaments attached to the side of the 
neck, and they disappear very shortly after birth. The inter- 
nal branchiae are attached to cartilaginous arches, which are 
connected with the hyoid bone, and they are contained in a 
gill-cavity, protected by a flap of integument, which differs 
from the gill-cover of fishes in never developing any opercular 
bones or branchiostegal rays. Within the branchial chamber 
thus formed the fore-limbs are budded forth, but the hind-limbs 
are the first to appear externally, instead of the fore-Kmbs as 
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is the case with the Urodcla. Even after the first appearance 
of the limbs, the tail is still retained as an instrument of pro- 
gression ; but as the limbs become fully developed, the tail is 
gradually absorbed (fig. 283, d)^ until in the adult it has wholly 
disappeared. 

The development of the Frog is thus a good illustration of 
the general zoological law that the transient embryonic stages 
of the higher members of any division of the animal kingdom 
are often represented by the permanent condition of the lower 
members of the same division. Thus the transitory condition 
of the young Frog in its earliest stage, when the branchiae are 
external, is permanently represented by the adult perenni- 
branchiate Urodela^ such as the Proteus or the Siren. The 
final stage, again, when the gills have disappeared and the 
limbs have been developed, but the tail has not been wholly 
absorbed, is represented by the caducibranchiate Urcdda, such 
as the common Newt. In some of the Tree-frogs, however, 
there appears to be no true metamorphosis. Thus in the larvae 
of Ilylodes the branchiae are absent or evanescent, the anterior 
and posterior limbs are developed contemporaneously, and the 
tail is absorbed within the first oay after emergence from the egg. 

The order Anoura comprises a considerable number of 
forms, but may be divided into tlie three principal sections of 
the PipidcB^ Bufonidce^ and Ranidcs, In the Fipidce^ or Surinam 
Toads, there are rarely teeth, and the mouth is destitute of a 
tongue. A singular and hideous species {Pipa Americana) is 
the best known, and it inhabits Brazil and Surinam. In this 
curious Amphibian the eggs are placed by the male on the 
back of the female, in the soft integument of which, in cell- like 
cavities, the eggs are hatched and the young developed. The 
larvse possess external branchiae, which are very early absorbed. 
In the aberrant form Dactylethra, the upper jaw is furnished 
with small teeth, and the three inner toes of the hind-feet are 
furnished with nails, as is the case with no other Amphibian, 
except Saiamandra ungtdcidaia amongst the Urodela, This 
curious form is found at the Cape , of Good Hope and in 
Mozambique, and its larvse appear to be destitute of external 
branchiae. 

In the Toads, or Bnfonidee^ a tongue is present, but the 
jaws are not armed with teeth. The tongue agrees with that 
of the Frogs in being fixed to the front of the mouth, whilst it 
is free behind^ so that it can be protruded for some distance 
from the mouth. In one Toad only {Rhinophrynus) is there a 
tongue which is free in front. The hind-limbs are not dispro- 
portionattly developed, whilst the toes are only imperfectly 
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webbed, and the toes of the fore-limb are free. The skin isj 
warty and glandular. 'Fhe common Toad {Bufo vulgaris) is' 
an excellent example of this family. The Natter-jack Toad is 
the only other British species, but about fifty other forms are 
known, of which many are American. 

In the Rail idee the tongue has the same form as in the 
Toads, but the upper jaw always carries teeth. The hind- 
limbs are much larger than the fore-limbs, and are fitted for 
leaping, whilst the toes are webbed. The toes of the fore- 
limbs are free. The common Frog {Raua temporaria) is a 
good example of the typical Ranidcc, This familiar species 
(fig. 284) is found over nearly the whole of Europe, North 



Fi;;. 284. — The common Yro^{R<ina tctn/>oraria') 

Africa, Northern Asia, and North America. It hibernates, 
passing its winter sleep buried in mud at the bottom of ponds. 
Larger than the common Frog is the Eatable Frog {Rana 
e culmta) of hairope, and larger again than this is the Bull-frog 
(Rana pipiens) of North America. The Tree-frogs (Hylidce) 
are adapted for a wholly different mode of life, having the toes 
of all the feet furnished with terminal suckers (fig. 276), by the 
help of which they climb with ease. They are mostly found 
in warm countries, esj)ccially in America, but one species 
(Hyla arborea) is European. 

In the curious American Tree-frogs forming the genus Opis- 
thodelphys^ the females have a dor.sal brood-pouch, which ex- 
tends over the back and opens posteriorly, and into which the 
eggs are introduced prior to hatching. 

Order IV. Labyrinthodontia. — The members of this, 
the last order of the Amphibia, are entirely extinct. They 
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were Batrachians, probably most nearly allied to the Urodela, 
but all of large size, and some of gigantic dimensions, the skull 
of one species {Labyrinthodon Jcegeri) being upwards of three 
feet in length and two feet in breadth. The l^abyrinthodonts 
were first known to science simply by their footprints, which 
were found in certain sandstones of the age of the Trias. 
These footprints consisted of a series of alternate pairs of 
hand-shaped impressions, the hinder print of each pair being 
much larger than the one in front (fig. 285). vSo like were 
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Fig. 285. — Footprints of a T.abj'rinlhodont {CJuiroikcritati). 


these impressions to the shape of the human hand, that the 
unknown animal which produced them was at once christened 
Cbeirotherium, or ‘‘ Hand -beast.” Further discoveries, how- 
ever soon showed that the footprints of Chciroiheriuin had 
been produced by different species of Batrachians, to which 
the name of Labyrinthodonts was applied, in consequence of 
tlie complex microscopic structure of the teeth. 

The Labyrinthodonts were ‘Lsalamandriforni, with relatively 
weak limbs and a long tail” (Huxley). The vertebral centra 
and arches were ossified, and the bodies of the dorsal vertebrae 
are biconcave (amphiccelous). “In the thoracic region three 
superficially sculptured exoskeletal plates, one median and two 
lateral, occupy the jilace of the intcrclavicle and clavicles. 
Between these and the pelvis is a peculiar armour, formed 
of rows of oval dermal plates, which lie on each side of the 
middle line of the abdomen, and are directed obliquely for- 
wards and inwards to meet in that line” (Huxley). 

The head was defended by an external covering or helmet 
of hard and polished osseous plates, sculptured on their exter- 
nal surfiice, and often exhibiting peculiar, smooth, symmetrical 
grooves- — the so-called “mucous canals,” The .skull (fig. 287) 
was articulated to the vertebral column by two occipital con- 
dyles. The teeth (fig, 286) are rendered complex by numer- 
ous foldings of their parietes, giving rise to the “labyrinthine^* 
pattern, from which the name of the order is derived. 

There appear iisunlly to have been both pairs of limbs de- 
veloped, but some forms which have been referred here (such 
as Ophihrpeton) possessed a serpentiform body, and seem to 
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have been apodal. Little is known, necessarily, of their de- 
velopment, but the singular genus Archegosattrus possessed 
permanent branchial arches, and was, therefore, apparently 
perennibranchiate (if not truly a larval form), whilst its noto- 



Fig. 286.— Section of the tooth of Lahyrmthodon {Masio> Fig.' 287.— -n: Skull of Laby- 
donsaurtts) Jtegeri, showing the microscopic structure, rinthodon JtPgeri, much re- 
Greatly enlarged. Trias. duced in si2e;*i^ Tooth of the 

same. Trias. Wurtembcrg. 


chord was persistent, and simply had rings of osseous matter 
deposited in it. 

As to their distribution in time, the Labyrinthodonts range 
from the Carboniferous to the Trias, inclusive, being most 
numerous in the former period, but attaining their maximum 
in point of size in the latter. 

Distribution of Amphibia in Timk. — From a geological 
point of view, by far the most important of the Amphibia are 
the Labyrinthodontia, the distribution of which has just been 
spoken of. The living orders of Amphibia are of much more 
modern date, being, with the exception of some not wholly 
certain Urodelans, wholly Tertiary and Post - tertiary. The 
Anoura are represented by both Toads and PVogs in Miocene 
times, and they have survived to the present day. The 
“ Tailed ” Amphibians are best known to geologists by a sin- 
gular fossil, which was described by its original discoverer as 
human, under the name of Homo diluvii testis. The fossil in 
question is of Miocene age, and it is now known to belong to 
a Salamander, nearly allied to the Giant-salamander of Jiava 
( Cryptobranchus), 

Geinitz has given the name of Palceosiren to a fdssil Am- 
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pliibian from the Permian, which he believes to be referable to 
the Urodela. Gaudry, under the title of Salamandrella^ has 
also described certain tailed Amphibians from the Permian, 
which he believes to be true Salamandroids and not Labyrin- 
thodonts. The same palaeontologist also suggests that the 
Carboniferous genera Eankeps and Apateon^ instead of being 
Labyrinthodonts, are really referable to the Urodela. Lastly, 
no remains of Caecilians have as yet been detected in a fossil 
condition. 
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CHAPTER LIX. 

CLASS Ill.—REPTIL/A. 

The second great division of the Vertebrate sub-kingdom, ac- 
cording to Huxley, is that of the Sauropsida, comprising the 
true Reptiles and the Birds. It is, no doubt, at first sight an 
almost incredible thing that there should be any near bond of 
relationship between the Birds and the Reptiles, no two classes 
of animals being more unlike one another in habits and exter- 
nal appearance. It is, nevertheless, the fact that the Birds 
are more nearly related to the Reptiles than to any other class 
of the Vertebraia^ and it will shortly be seen that many affini- 
ties and even transitional forms are known to exist between 
these great sections. The Reptiles and Birds, then, may be 
naturally included in a single primary section of Vertebrates, 
which may be called Sauropsida after Huxley, and which is 
defined by the possession of the following characters : — At no 
period of existence are branchiae, or water-breathing respiratory 
organs, developed upon the visceral arches ; the embryo is 
furnished with a well-developed amnion and allantois ; the red 
corpuscles of the blood are nucleated (fig. 245, c) \ the skull 
articulates with the vertebral column by means of a single 
articulating surface or condyle ; and each half or ramus ” of 
the lower jaw is composed of several pieces, and articulates 
with the skull, not directly, but by the intervention of a pecu- 
liar bone, called the “ quadrate bone/^ or “ os quadratiim 
(fig. 288). 

These being the common characters of Reptiles and Birds, 
by which they are collectively distinguished from other Verte- 
brates, it remains to inciuire what are the characters by which 
they are distinguished from one another. The following, then, 
are the characters which separate the Reptiles from the Birds : 
— The blood in Reptiles is cold — that is to say, slightly warmer 
than the external medium— owing mainly to the fact -chat the 
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pulmonary and systemic circulations are always directly con- 
nected together, either within the heart or in its immediate 
neighbourhood, so that the body is supplied with a mixture of 
venous and arterial blood, in place of pure arterial blood alone. 
The terminations of the bronchi at the surface of the lung are 
closed, and do not communicate with air-sacs, placed in dif- 
ferent parts of the body. When the epidermis develops horny 
structures, these are in the form of horny plates or scales, and 
never in the form of feathers. The fore-limbs are formed for 
various purposes, including in some cases even flight, but they 
are never constructed upon the type of the “ wing ” of Birds. 
Lastly, with one or two doubtful exceptions, whilst the ankle- 
joint is placed between the distal and proximal portions of the 
tarsus, the tarsal and metatarsal bones of the hind-limb are 
never anchylosed into a single bone. 

These are the leading characters by which Reptiles are dis- 
tinguished from Birds, but we must not forget the other dis- 
tinctive peculiarities in which Reptiles agree with Birds, and 
differ from other Vertebrates — namely, the presence of an 
amnion and allantois in the embryo, the absence of branchiae 
at all times of life, the possession of only one occipital condyle, 
and the articulation of the complex lower jaw with the skull 
by means of a quadrate bone. 

It is now necessary to consider these characteristics of the 
Reptilia a little more minutely. The class includes the Tor- 
toises and Turtles, the Snakes, the Lizards, the Crocodiles, and 
a number of extinct forms ; and, with the exception of the Tor- 
toises and Turtles, they are mostly of an elongated cylindrical 
shape, provided posteriorly with a long tail. The limbs may 
be altogether absent, as in the Snakes, or quite rudimentary, 
as in some of the Lizards ; but, as a general rule, both pairs of 
limbs are present, sometimes in the form of ambulatory legs, 
sometimes as swimming-paddles, and in some extinct forms 
modified to subserve an aerial life. The endoskeleton is 
always well ossified, and is never cartilaginous or semi-carti- 
laginous, as in many fishes and some Amphibians. The skull 
articulates with the atlas by a single condyle. The lower jaw 
is complex, each half or ramus being composed of from four to 
six pieces, united to one another by sutures (fig. 288). In the 
Tortoises, however, these are anchylosed into a single piece, 
and the two rami are also anchylosed. In most reptiles, how- 
ever, the two rami of the lower jaw are only loosely united — 
in the Snakes by ligaments and muscles only, in the Lizards 
by fibro-cartilage, and in the Crocodilia by a regular suture. 
In all, the lower jaw articulates with the skull by a quadrate 



528 


MANUAL OF ZOOLOGY. 


bone (fig. 288, a) ; and as this often projects backwards, the 
opening of the mouth is often very extensive, and may even 
extend beyond the base of the skull. Teeth are usually pres- 
ent, but are not sunk in separate sockets or alveoli, except in 
the Crocodiles, and in some extinct forms. In the Tortoises 
and Turtles alone of living types there are no teeth, and the 
jaws are simply sheathed in horn, constituting a kind of beak 
like that of a bird. 

As regards the exoskeleton, most Reptiles have horny epi- 



dermic scales, and they are divided into two great sections — 
called respectively Squamata and Loricata — according as the 
integumentary skeleton consists simply of these scales, or there 
are osseous plates developed in the derma as well. In the 
Tortoises, the epidermic plates unite with the bony exoskeleton 
and with the true endoskeleton to form the case or box in 
which the body of these animals is enclosed. 

The digestive system of the Reptilia possesses few characters 
of any special importance, except that the rectum opens, as 
in Amp/iidia, into a common cavity or “ cloaca,” which not 
only receives the faeces, but also serves for the discharge of 
the products of the' urinary and generative organs. 

The /lear^ in the Reptiles consists of two completely separate 
auricles, and a ventricular cavity, wliich is divided into two by 
an incomplete partition. In the Crocodilia alone is the septum 
between the ventricles a perfect one ; and even in these, as in 
all other Reptiles, the heart consists functionally of no more 
than three chambers. The ordinary course of the circulation, 
where the ventricular septum is imperfect, is as follows ; — The 
impure venous blood returned from the body is, of course, 
poured by the venae cavae into the right auricle (fig. 289", a), and 
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often attain a very great size. In no Reptile is the cavity of 
the thorax shut off from that of the abdomen by a complete 
muscular partition or “ diaphragm ; though traces of this 
structure are found in the Crocodiles. The lungs, therefore, 
often extend along the whole length of the thoracico-abdominal 
cavity. In no case are the lungs connected with air-receptacles 
situated in different parts of the body; and not uncommonly 
there is only a single active lung, the other being rudimentary 
or completely atrophied {Ophidid). 

Lastly, all Reptiles are essentially oviparous, but in some 
cases the eggs are retained within the body till the young are 
ready to be excluded, and the animals are then ovo-viviparous. 
The egg-shell is usually parchment-like, but sometimes contains 
more or less calcareous matter. 


CHAPTER LX. 
DIVISIONS OF REPTILES, 
Chelonia and Ophidia. 


The class Reptilia is divided into the following ten orders, 
of which the first four are represented by living forms, whilst 
the remaining six are extinct : — 

1. Chelonia (Tortoises and Turtles). 'J 

2. (Snakes). I Recent 

3. Lacertilia (Lizards). t 

4. Crocodilia (Crocodiles and Alligators). 

5. Ichthyopterygia, \ 

6. Saiiropterygia, 1 

7. Anomodontia. U'ytinrt 

8. Pterosauria. n-xtinct. 

9. Deinosauria, I 

10. Theniodontia, ) 


hlxtinct. 


Order I. Chelonia. — The first order of living Reptiles is 

that of the Chelonia, comprising the Tortoises and Turtles, and 

distinguished by the following characters: — There is an osseous 
exoskeleton which is combined with the endoskeleton to form a 
kind of bony case or box in which the body of the animal is 
enclosed, and which is covered by a leathery skin, or, more 
usually, by horny epidermic plates. The dorsal vertebra, with 
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the exception of the firsts are immovably connected together, 
and are devoid of transverse processes. The ribs are greatly 
expanded (fig. 290, r), and are united to one another by sutures, 
so that the walls of the thorcuic cavity are immovable. All 
the bones of the skull except the loufer jaw and the hyoid bone are 
immovably united together. There are no teeth, and the jaws are 
encased in horn so as to form a kind of beak. The tongue is 
thick and fleshy. The heart is three-chambered, the ventricular 
septinn being imperfect. There is a large urinary bladder, 
and the anal aperture is longitudinal or circular. The lungs 
are voluminous, and respiration is by swallowing air, as in the 
Frogs. All will pass prolonged periods without food, and 
will live and move, even for months, after the removal of the 
entire brain (Rcdi). 

Of these characters of the Chelonia, the most important and 
distinctive are the nature of the jaws, and the structure of the 
exoskeleton and skeleton. As regards the first of these points, 
the lower jaw in the adult appears to consist of a single piece, 
its complex character being masked by anchylosis. The sepa- 
rate pieces which really compose each ramus of the jaw are 
immovably anchylosed together, and the two rami are also 
united in front by a true bony union. There are also no 
teeth, and the edges of the jaws are simply sheathed in horn, 
constituting a sharp beak. In the Chelydidce and Trionycidce, 
however, the horny jaws are covered with soft skin, constituting 
a kind of lips. As regards the second of these points, the bony 
case (fig. 290) in which the body of a Chelonian is enclosed 
consists essentially of two pieces, a superior or dorsal piece, 
generally convex, called the ‘‘ carapace, and an inferior or 
ventral piece, generally flat or concave, called the “ plastron.'' 
The carapace and plastron are firmly united along their edges, 
but are so excavated in front and behind as to leave apertures 
for the head, tail, and fore and hind limbs. The limbs and 
tail can almost always be withdrawn at will under the shelter 
of the thoraci co-abdominal case formed in this way by the 
carapace and plastron, and the head is also generally retractile. 

The carapace or dorsal shield (fig. 291) is composed of the 
following elements : — 

I. The spinous processes of the dorsal vertebrce, which are 
much flattened out laterally and form a series of broad plates, 
which are eight in number, and are termed the “ neural plates " 
(;/). 2. The ribs (r r) are united with broad and flattened 

plates of bone {f d), which are connected with one another 
by lateral jutures, and are known as the ‘‘costal plates." In 
some cases, however, the costal plates, instead of being united 
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by the whole of their lateral margins, leave marginal apertures 
towards their extremities, and these openings are simply cov- 
ered by a leathery skin or by horny plates. 3. The margin 
of the carapace is completed by a series of bony plates, which 



Fig. 290. — Skeleton of Tortoise (Etnys Eitro/>cFn)t the plastron being removed, ca 
Carapace; r Ribs, greatly expanded, and united by their edges; .v Scapular arch, 
placed within the carapace, and carrying the fore-limbs ; / Pelvic arch, also placed 
within the carapace, and carrying the hind-limbs. 

are called the “marginal plates” (fig. 291, fn vi). These are 
variously regarded as being dermal bones belonging to the 
exoskeleton, or as being endoskeletal, and as representing the 
ossified cartilages of the ribs (in this last case the marginal 
plates would correspond with the “ sternal ribs ” of Birds). Of 
these marginal plates the one in the middle line of the cara- 
pace in front is known as the “ nuchal ” plate, and is larger 
than the rest, while the corresponding plate behind is termed 
the “pygal” plate (see fig. 293, nu and/7). 

The “plastron ” or ventral shield (fig. 292) is composed of 
nine bony pieces, of which eight are in pairs, and the ninth 
is odd. Of the paired pieces, the anterior are the episternals^ 
the middle pairs are the hyosternals and hyposternals^ and the 
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hinder pair are the xiphhternals ; while the unpaired piece is 
termed the entos/emal (fig, 292 s). The precise nature of the 
bones of the plastron is still a matter of doubt. Some regard 





Fig. 2 QI.— Transverse .section of the skeleton of Chelone midas in the dorsal region, c 
Uody of one of the dor.sal vertebrae ; n Expanded spinous processor “ neural plate 
of the same; r r RiVjs ; c' c' “Costal plates;’* in in Marginal plates; /> / Lat- 
eral elements of the plastron. (After Huxley.) 

them as wholly corresponding with the sternum or breast-bone; 
others regard them as wholly integumentary; while others, 
again, hold — what is doubtless the correct opinion — that the 



Fig. 292.--13ones of the plastron of the Loggerhead 'Ywrilc {Chelone caounnna). s En- 
tosternal ; « Episternal ; hs Hyosiernal; /is Hyposternal ; ars Xiphistern.al. (After 
Owen.) 


plastron is formed partly of bones belonging to the endo- 
skeleton pjoper and representing the sternum, in part at any 
rate, and partly of integumentary ossifications. 
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Both the carapace and plastron are covered by a series of 
horny plates (rarely wanting), which are developed in the 
epidermis, and which are perfectly distinct from the bones 
which they cover. As encasing the upper surface of the 
carapace, these plates (which in some species constitute the 
tortoise-shell ” of commerce) have a general arrangement 
conforming with that of the bony plates beneath, though there 
is no numerical correspondence between the two. Thus the 
carapace, as we have seen, consists of (i) a median series of 
“ neural’^ plates developed from the vertebrae; (2) a lateral 
series of “costal” plates on each side, corresponding with 
and largely formed by the ribs ; and (3) a peripheral series of 
“marginal” plates (see fig. 293). Similarly, the epidermic 



Fig. 293.-— Carapace of the Loggerhead Turtle (CAe/owr caouanna), viewed from above 
(after Owen). In this form, the ribs are separate and free towards their extremities, 
and the osseous portions of the carapace are indicated by the light lines, while the 
epidermic plates are marked out by dark lines, n n The first and last of the me- 
dian series of ** neural plates;’* c c The expanded ribs or “costal plates;" m in 
The first “ marginal plate ’’ on each side; nu Nuchal plate; py Pygal plate; vv 
Median series of epidermal plates, or “ vertebral scutes." 


plates (fig. 293) are arranged in (i) a median, “ vejtebral,” or 
“ neural ” series; (2) a lateral series on each side, of “COStal” 
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scutes ; and (3) a series of ‘‘marginal” scutes. The “ verte- 
bral ” scutes, however, are only five in number ; and each 
series of “ costal ” scutes consists only of Jour pieces, so that 
the number of epidermic plates is much smaller than that of 
the bony plates beneath. The “marginal” scutes, on the 
other hand, correspond in number with the “ marginal plates ” 
beneath them. They are, therefore, twenty-four or twenty-six 
in number, the anterior scute in the middle line being distin- 
guished by the epithet of “ nuchal,” while the corresponding 
scute behind is termed “ pygal.” 

The other points of importance as regards the endoskeleton 
are these : — 

Firstly^ The dorsal vertebrae are immovably joined together 
and have no transverse processes, the heads of the ribs uniting 
directly with the bodies of the vertebrae. 

Secondlyy The scapular and pelvic arches, supporting the 
fore and hind limbs respectively (fig. 290, j* and /), are placed 
within the carapace, so that the scapular arch is thus inside 
the ribs, instead of being outside, as it normally is. The 
scapular arch consists of the shoulder-blade or scapula, and 
two other bones, of which one corresponds with the acromion 
process of human anatomy, and the other to the coracoid pro- 
cess, or to the “ coracoid bone,” of the Birds. The clavicles, 
as is also the case with the Crocodiliay are absent; but the 
three anterior pieces of the plastron may represent an inter- 
clavicle and clavicles. 

The order Chelonia is conveniently divided into three sections, according 
as the limbs are natatory, amphibious, or terrestrial. In the first of these, 
the limbs are converted into most efficient swimming-paddles, all the toes 
being united by a common covering of integument. In this section are 
the well-known Turtles {Chelomidce), all of which swim with great ease 
and power, but are comparatively helpless upon the land (fig. 294). The 
legs are of unequal length, and the carapace is much depressed and flat- 
tened. The best-known species are the “ edible ” or Green Turtle {Cheloue 
inidas)y the Loggerhead Turtle (Chelom caouamia), the Hawk’s-bill Turtle 
{C. imbricatd)^ and the Leathery Turtle {Sphargis coriarea). The Green 
Turtle is largely imported into this country as a delicacy, and occurs abun- 
dantly in various parts of the Atlantic and Indian Oceans. The Hawk’s- 
bill Turtle is of even greater commercial importance, as the horny epi- 
dermic plates of the carapace constitute the “tortoise-shell” so largely 
used for ornamental purposes. The Leathery Turtle is remarkable in 
having the carapace covered wdth a leathery skin in place of the horny 
plates which are found in other species. 

In the second section of the Cheloniay in which the limbs are adapted for 
an amphibious life, are the Mud-turtles or soft Tortoises ( Trionycida)y and 
the Terrapins {Emydida), In the Trionycidtc the development of the 
carapace is imperfect, the ribs being expanded and united to one another 
only near their bases, and leaving apertures near their extremities. The 
entire cafapace is covered by a smooth leathery skin, and the horny jaws 
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are furnished with fleshy lips. All the Trionycida inhabit fresh water and 
are carnivorous in their habits. Good examples are found in the Soft- 
shelled Turtle {Trionyx ferox\ and the large and fierce Snapping Turtle 
{Chelydra serpentina) oi the United States; but other species are found in 



Fig, 294. — Hawk’s-Bill Turtle {Cheione imbr/cata}~-ahMV Bell. 


Egypt and the East Indies. The Terrapin.s (Emys) have a Itorny beak, 
and have the shield covered with epidermic plates. They are inhabitants 
of fresh water, and are most of them natives of America. 

The third section of the Chelonia comprises only the Land Tortoises 
{Testtidinidic)^ in which the limbs are adapted for terrestrial progression, 
and the feet are furnished with short nails. The carapace is strongly con- 
vex, and is covered by horny epidermic plates ; the head, limbs, and tail 
can be completely retracted within the carapace. Though capable of 
swimming, the Tortoises are really terrestrial animals, and are strictly 
vegetable feeders. The most familiar species is the Testndo Greeca, which 
is indigenous in Spain, Italy, and Greece. A much larger species is the 
so-called Indian Tortoise {7'estudo Indica), which inhabits the Seychelles 
and Galapagos Islands, and attains a length of over three feet. 

Distribution of Chelonia in Time. — The earliest-known 
traces of Chelonians occur in the Permian rocks, in the lower 
portion, that is, pf the New Red Sandstone of older geologists. 
These traces, however, are not wholly satisfactory, since they 
consist solely of the footprints of the animal upon the ripple- 
marked surfaces of the sandstone. Of this nature is the 
Chelicknus Duncani, described by Sir William Jardine in his 
classical work on the ‘ Ichnology ' of Annandale in Dumfries- 
shire. The earliest unequivocal remains of CheioniidcB are in 
the Oolitic rocks (the Cheione planiceps of the Portland Stone)., 
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Fossil Cheloniidcdy Emydtda, and Trionyddce occur, also, from 
the Upper Oolites to the present day, the Eocene period being 
peculiarly rich in their remains. In the Tertiary deposits of 
India (Siwalik Hills) there occurs a gigantic fossil Tortoise 
— the Colossochelys Atlas — which is believed to have been 
eighteen to twenty feet in length, and to have possibly sur- 
vived to within the human period. 

Order II. Ophidia. — The second order of Reptiles is that 
of the Ophidia^ comprising the Snakes and Serpents, and dis- 
tinguished by the following characters : — 

The body is always more or less elongated^ cylindrical^ and 
7Vor7ndike^ and whilst possessing a covering of horny scales, is 
always unprovided with a bony exoskeieton. The dorsal ver- 
tebree are concave in front (proccelous), 7cnth rudime?itary trans- 
verse processes. There is 7iei}er a7iy sterninn, 7ior pectoral a7'ch, 
nor fof’e-lhnbs, nor sacrimi, a7td as a rule there are no traces 
of hind-limbs. Rudimentary hind-limbs, however, are occasion- 
ally present (e.g.^ in Python and Toririx). There are always 
7tu77ierous ribs. The two halves or ra77ii of the lower jatu are 
cofnposed of sei^eral pieces, a7id the ra77ii are utiited anterio7'ly by 
Iigat7ie7its a7id 7ttuscles 07ily, a7id 7iot by cartilage or suture. The 
lower jaw further articulates with the skull by means of a 
([uadrate bone (fig. 288, a) which is always more or less 
movable, and is in turn united with the squamous portion of 
the temporal bone (“ mastoid bone ”), which is also movable, 
and is not firmly united with the skull. The superior maxillee 
are united with the prsemaxillce by ligaments arid muscles only, 
and the palatine arches are movable and armed with pointed 
recurved teeth. Hooked co7iical teeth are always present, but 
they are 7i€vcr lodged in distmet sockets or alveoli. Functionally 
they are capable of performing nothing more than merely hold- 
ing the prey fast, and the Snakes are provided with no genuine 
masticatory apparatus. The heart has three chambers, two 
auricles a7id a ventricle, the latter i7npe7fectly divided mto two 
cavities by an itico77iplctc septu7n. The lu7igs a7id other paired 
orga7is are 77iostly tiot bilaterally sy7ti77ietrical, 07ie of each pair 
bemg either rudi77ie7iiary or abse 7 it. There is no uri7ia7y bladder, 
a7id the cloacal aperture is tra7isverse. 

Of these characters of the snakes, the most obvious and 
striking are to be found in the nature of the organs of locomo- 
tion. The front limbs, with the scapular arch and sternum, are 
invariably altogether absent ; and the hind-limbs, if not wholly 
wanting, are never represented by more than an imperfectly- 
developed series of bones concealed within the muscles on 
each sidet)f the anal aperture, and never exhibiting any out- 
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ward evidence of their existence beyond the occasional presence 
of short horny claws or spurs (“calcaria”). In the entire ab- 
sence, then, or rudimentary condition of the limbs, the Snakes 
progress by means of the ribs. These bones are always ex- 
tremely numerous (sometimes amounting to more than three 
hundred pairs), and in the absence of a sternum, they are, of 
course, extremely movable. Their free extremities, in fact, are 
simply terminated by tapering cartilages, which are attached 
by muscular connections to the abdominal scales or scuta ” 
of the integument. By means of this arrangement the Ser- 
pents are enabled to progress rapidly, walking, so to speak, 
upon the ends of their ribs ; their movements being much facili- 
tated by the extreme mobility of the whole vertebral column, 
conditioned by the cup-and-ball articulation of the bodies of 
the vertebrae with one another. 

The body in the Snakes is covered with numerous scales, 
developed in the dermis, and covered by a thin, translucent, 
superficial epidermic pellicle, which is periodically cast off and 
renewed. Usually the scales are flat and overlap one another ; 
but sometimes they are tubercular and do not overlap. On 
the head and along the abdomen these scales are larger than 
over the rest of the body, and they constitute what are known 
as the “ scuta ” or shields. 

The only other points in the anatomy of the Ophidia which 
demand special attention are the structure of the tongue, teeth, 
and eye. 

The tongue in the Snakes is probably an organ more of 
touch than of taste. It consists of two muscular cylinders, 
united towards their bases, but free towards their extremities. 
The bifid organ, thus constituted, can be protruded and re- 
tracted at will, being in constant vibration when protruded, 
and being in great part concealed by a sheath when retracted. 

As regards the eye of Serpents (fig. 296, A) the chief 
peculiarity lies in the manner in which it is protected exter- 
nally. There are no eyelids, and hence the stony unwinking 
stare of all snakes. In place of eyelids, the eye is surrounded 
by a circle of scales (e e\ to the circumference of which is 
attached a layer of transparent epidermis, which covers the 
whole eye (d)^ and is termed the antocular membrane. This 
is covered internally by a thin layer of the conjunctiva, which 
is reflected forwards from the conjunctiva covering the ball of 
the eye itself. In this way a cavity or chamber is formed 
between the two layers of conjunctiva, and the lachrymal 
secretion, by which the eye is moistened, is received into this. 
The outer epidermic layer (antocular membrane) cohering the 



VERTEBRATA: REPTILIA. 


S39 


ball of the eye in front, is periodically shed with the rest of the 
epidermis, the animal being rendered thereby blind for a few 
days. The pupil of the eye is round in most Snakes, but forms 
a vertical slit in the venomous Serpents and in the Boas. 



Fig. 295. — The Kattlchiiake {C i otalns horruius). 


As regards the dental and maxillary apparatus of the 
Serpents, the following points require notice : Firstly ^ in 
consequence of the articulation of the lower jaw with a 
movable quadrate bone, which is often directed backwards. 



Pig. 296.— A, Diagram of the eye of a Serpent (after Cloquet): a Ball of the eye covered 
by a conjunctival sac, into which the lachr>'mal secretion is discharged ; b Optic 
nerve ; d Antocular membrane, formed by the epidermis ; e e Ring of scales surround- 
®y®* Head of the common Viper \Pclias after Bell — showing the 

bind tongue, and the poison*fangs in the upper jaw. 


in consequence of the quadrate bone being connected with a 
movablj squamosal bone, and in consequence of the rami of 
the jaw being united in front by ligaments and muscles only, 
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the mouth in the Snakes is capable of opening to an enormous 
width, and the most astonishing feats in the way of swallowing 
can be performed. Secondly^ this structure of the jaws accords 
exactly with the structure of the teeth, both concurring to 
render the Snakes wholly incapable of anything like mastica- 
tion, and at the same time capable of swallowing immense 
morsels entire. The teeth, namely, are simply fitted for 
seizing and holding the prey, but not in any way for dividing 
or chewing it. In the non-venomous and most typical Snakes, 
the jaws and palatine bones carry continuous rows of solid 
conical teeth, so that there are four rows above and two below ; 
and the superior maxillae are very long and are not movable. 
Thirdly^ in the Viperine Snakes, and the CrotalidcRy the ordi- 
nary teeth are wanting upon the superior maxillae, whilst these 
bones are themselves very much shortened, and are capable 
of being raised and depressed at will. In place of the ordi- 
nary teeth, each maxilla carries a “ poison-fang,” in the form 
of a long, conical, curved fang, which is concealed in a fold 
of the mucous membrane when not in use, and has numerous 
germs or reserve-fangs behind it (figs. 296, B, and 297). Each 



f'ig. 297 - Skull of the Rattlesnake (after Dumeril and Kibron). I Left ramus of the 
lower jaw, united to the skull by the quadrate bone {q) ; m Upper jaw carrying the 
poison-fang ; / Series of teeth upon the palate. 

tooth is perforated by a tube, opening by a distinct aperture 
at the apex of the tooth, and conveying the duct of the so- 
called poison-gland. (In reality the poison-duct of the fang is 
formed by an inflection of the tooth upon itself, and not by its 
actual perforation.) This is a gland (fig. 298), probably pro- 
duced by a modification of one of the buccal salivary glands, 
situated behind and under the eye on each side, and secreting 
the fluid which renders the bite of these snakes dangerous or 
fatal. When the animal strikes its prey, the poison-fangs are 
erected by the elevation of the movable maxillae (to which 
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they are anchylosed), and the poison is forced through the 
tube which perforates each, partly by the contractions of the 
muscular walls of the gland, and partly by the muscles of the 



Kig 298 — The head of the Rattlesnake, dissected to show the poison-gland («) and 
poison-fangs (After Duvernoy.) 


jaws. In most poisonous Snakes the superior maxillae carry 
no other teeth except the poison-fangs and their rudimentary 
successors, but in some cases there are a few teeth behind the 
fangs ; whilst the palatine teeth are always present, as in the 
harmless species. In some other venomous Snakes, again 
Naja and the Hydrophid(e\ the jaws and teeth agree in 
most characters with those of the non- venomous Snakes, but 
llie first maxillary teeth are larger than the others, and form 
canaliculated fangs. Lastly, in a few forms the terminal maxil- 
lary teeth are deeply canaliculated, but are not connected with 
the duct of any poison-gland. 

Fourthly, in all the Serpents the teeth are anchylosed 
with the jaw, and are never sunk into distinct sockets or 
alveoli. 

The Ophidia are usually classified in accordance with the 
characters of their dental apparatus, and may be divided as 
follows, some minor groups being omitted: (i.) The Viperina 
comprise the most typical of the venomous Snakes { Venenosa), 
and include the common Vipers ( Viperidee) and the Rattle- 
snakes {Crotalidce), the former being mostly confined to the 
Old World, whilst the latter are mainly American. The com- 
mon Viper {Felias berus) occurs abundantly in England and 
Scotland, and is capable of inflicting a severe and even danger- 
ous bite, though it does not appear that fatal effects commonly 
follow except in the case of children or subjects previously 
debilitated. The true Rattlesnakes ( Crotalus) are exclusively 
natives of America, and they are highly poisonous. The extre- 
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mity of the tail in the true Rattlesnake ( Crotalus horridus, fig, 
295) is furnished with a series of horny epidermic cells of an 
undulated pyramidal shape, articulated one within the other, 



Fig. 29y. ~“’l'he Naja Ifaje^ a venomous Colubrinc Snake. 

constituting an appendage which is known as the “rattle.'' 
Before striking its prey, the Rattlesnake throws itself into a 
coil, and shakes its rattle, as it does also when alarmed. Ac- 
cording to Professor Shaler, the use of the rattle is to imitate 
the note of the Cicada, and thus to attract birds which pre;' 
upon this insect; but its function is more probably sexual. 
The Indian snakes belonging to the genus Trimercsurus, and 
some other less important forms, are also placed amongst the 
CrotalidcR, The head of the Viperine Snakes (figs. 296, 300) 
is broad, somewhat triangular in shape, broadest in its middle, 
and showing a very distinct line of demarcation between the 
head and neck. The head, also, is usually covered with small 
scales, rarely interspersed with larger plates or “ scuta ” (fig. 
300). Other well-known members of this group are the Death- 
adder (^Acanthophis tortor) of Australia, the Horned Viper 
(Cerastes) of Africa, and the Puff-adder (Clotho arietans) of the 
Cape of Good Hope. 

(2.) The Elapina are poisonous snakes, in which the poison- 
fangs are permanently fixed and erect, and have smaller solid 
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teeth behind them. The head is shield-shaped, and not much 
wider than the body. This group comprises some of the most 
deadly of all the Serpents, one of the best known being the 
Hooded Snake or Cobra di Capello {Naja tripudians), which 
is commonly found in Hindostan, and is the snake usually 
carried about by the Indian snake-charmers. It varies from 
two to six feet in length, and the neck can be extensively 
dilated, covering the head like a hood. A nearly allied species 
is the Naja Haje (fig. 299) of Egypt, The genus Buiigarus^ 
including the deadly “ Kemit** (B. cceruleiis) of India, is nearly 
allied to Naja^ but the neck is not dilatable. America has 
representatives of this family in the beautifully-marked Coral- 
snakes and Harlequin - snakes (Elaps\ and the Australian 
region is also not without them {Hoplocephalus, &c.) 

(3.) The Hydrophidce, comprise aquatic Ophidians which 
have the tail vertically compressed and broadened out. They 
are found principally in the Indian and Chinese seas, often 
frequenting the mouths of rivers, though sometimes ranging 
far from land. They are extremely poisonous, and swim with 
great ease and rapidity. 

(4.) The Colubrina comprise an immense number of alto- 
gether innocuous snakes, in which the superior maxillae are 
provided with solid teeth only, and there are no fangs. An 
excellent example of this group is the common Ringed Snake 
{Coluber ox Tropidonotus natrix) of Britain, a perfectly harmless 
animal, which is commonly found in damp situations, and 
which lives mainly upon frogs. Closely allied to this is the 
Black Snake {Bascanion constrictor) of North America, which 
attains a length of from three to five feet, but is perfectly 
harmless, so far as man is concerned. 

(5.) The comprise the well-known serpents termed 

the Boas, Pythons, Anacondas, and Rock-snakes. The mem- 
bers of this group are the largest of all living snakes, attaining 
a length of certainly over twenty feet. Their bite is perfectly 
harmless, but they are nevertheless highly dangerous and de- 
structive animals, owing to their great size and enormous mus- 
cular power. They seize their prey and coil themselves round 
it in numerous folds, by tightening which they gradually reduce 
their victim to the condition of a shapeless bolus, fit to be 
swallowed. In this way a good-sized Python or Boa will cer- 
tainly dispose of an animal as large as a sheep or goat, and 
it is asserted that even human beings may be thus devoured 
by large individuals of the family. The Boas and Pythons 
occur in^both the Old and New Worlds, the Pythons, however, 
all belonging to the Old World, and they are amongst the most 
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formidable of all living Ophidians. They possess rudimentary 
hind-limbs terminating in horny anal spurs, which co-operate 
with the prehensile tail in enabling the animal to suspend itself 
from trees. In all, also, the dental apparatus is extremely 
powerful, giving a firm hold for the constriction of the prey. 

(6.) The Typhlopida constitute an aberrant group of snakes, 
distinguished from the typical Ophidians by the comparative 
narrowness of their gape. They are found in both the Old and 
New Worlds, in warm latitudes, are possessed of quite rudi- 
mentary eyes, and burrow in the ground. Some of them are 
of very small size, and somewhat resemble earthworms. Nearly 
allied to the genus Typhlops itself is the Indian Uropeltis^ which 
is also subterranean in its habits. 

A good general character by means of which the poisonous Viperine 
Snakes may be distinguished from the harmless Coliibrine forms is in the 
shape and armature of the head. In the Viperimiy as before said, the 
head (figs. 296, 300) is triangular, broadest behind, and separated from 



Fig. 300. — A, Head of Colnbrine Snake {(Coluber natrix)’, U, Head of Viperine Snake 
{Pelias berns) \ C, Head of Blind- worm (/‘I one of the serpen tiform 

Li/ards. (After Bell). 

the neck by a moYe or less marked diminution in the diameter of this 
latter part. The scales, too, which cover the head, are of small size. In 
the Colubrinc Snakes, on the other hand, the h^ad is not markedly triangu- 
lar, and gradually tapers off into the neck, whilst the upper surface of the 
head is usually covered with large shield-like plates or ** scuta ” (fig. 
300, A). 

Distribution of Ophidia in Time. — The Ophidia are not 
known to occur in any Palieozoic or Mesozoic deposit. The 
earliest-known traces of any serpent are in the Lower Kaino- 
zoic rocks, the oldest being the Palaophis toliapicus of the 
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London Clay of Sheppey. The nearly-allied Palceophis typhmis 
of the Eocene beds of Bracklesham appears to have been a 
Boa * constrictor - like snake of about twenty feet in length. 
Other species of Pal^ophis have been described from the Ter- 
tiary rocks of the United States, and the genus Dinophis has 
been formed for the reception of another gigantic constricting 
serpent from the same formation. In some of the later de- 
posits have been found the poison-fangs of a venomous snake. 
Upon the whole, however, the Snakes must be looked upon as 
a comparatively modern group, and not as one of any great 
geological antiquity. 


CHAPTER LXI. 

J.ACERTILIA AND CROCODILIA. 

Order III. Lacertilia. — The third order of Reptiles is that 
of the Lacertilia^ comprising all those animals which are com- 
monly known as Lizards, together with some serpentiform 
animals, such as the Blind-worms. The Lacertilia are distin- 
guished by the following characters : — 

As a general rule, there are two pairs of well-da'cloped limbs^ 
but there may he only one pair, or all the limbs may be absent. 
A scapular arch is always present, whatei'er the condition of the 
limbs may be. An exoskeleton, in the form of horny scales like 
those of the Snakes, is almost ahmys present. The vertebree of 
the dorsal region are procoelous or concave m fro7it, rarely a^nphi- 
avlous or cojtcave at both ends. There is a single transverse pro- 
cess at each side, and the heads of the ribs are simple and 
undivided. There is either no sacrum, or the sacral vertebrae 
rarely exceed two in number. The teeth are not lodged in dis- 
tmet sockets (some extinct forftis constituting an exception to this 
statemetit). The eyes are generally furnished luiih inovable eye- 
lids. The heart consists of hoo auricles and a ventricle, the latter 
partially divided by aft incomplete partition. Tlure is a urinary 
bladder, and the aperture of the cloaca is transverse. 

As a general rule, the animals included under this order 
have four well-developed legs (fig. 301 )* and would therefore 
be popularly called “ Lizards.” In some {Chirotes) there are 
no hind-feet; in some (Pipes) the fore-limbs are wanting ; and 
others (AngiAs, Pseudopus^ and Amphisbma) are entirely desti- 
tute of limbs, thus coming closely to resemble the true Snakes 
• 2 M 
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or Ophidians in external appearance. These serpentiform 
Lizards, however, can be distinguished from the true Snakes, 
amongst other characters, more especially by the structure of 



the jaws. In the Snakes, as before said, the two rami of the 
lower jaw are loosely united in front by ligaments and muscles, 
and are attached behind to a movable quadrate bone, which is 
in turn connected with a movable squamosal, this giving an 
enormous width of gape to these animals. In the Lizards, how- 
ever, even in those most like the Snakes, the halves of the 
lower jaw are firmly united to one another in front ; and 
though the quadrate bone is usually more or less movable, 
the jaws can in no case be separated to anything like the 
extent that characterises the Ophidia, 

Another good general character is to be found in the struc- 
ture of the protective coverings of the eye. In the Snakes, 
eyelids are \/anting, and the eye is simply covered by a layer 
of epidermis, constituting the so-called “antocular membrane.” 
In almost all the Lizards, on the other hand, including most 
of the completely snake-like forms, there are movable eyelids, 
and in few cases is there any structure comparable to the 
antocular membrane of the true Snakes. Lastly, the typical 
Lizards all possess a sternum or breast- bone, but this is 
wanting in some of the snake-like forms, so that it cannot be 
appealed to as a character by which the Lacertilia can be 
separated from .the Ophidia, Whatever the condition of the 
limbs may be, there is, however, always a pectoral arch more 
or less completely developed, even though the pelvic arch 
should be wanting. 

The whole order of the Lacertilia is very often united with 
the next group of the Crocodilia, under the name of Sauria, 
The term ‘‘Saurian,” however, is an exceedingly convenient 
one to designate all the Reptiles which approach ^the typical 
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Lizards in external configuration, whatever their exact nature 
may be ; and from this point of view it is often very useful as 
applied to many fossil forms, the structure of which is only 
imperfectly known. It is therefore perhaps best to employ 
this term merely in a loose general sense. All the Lacertilians 
possess teeth, though these vary considerably in their arrange- 
ment. (If the extinct R/iy?ichosaurus be truly Lacertilian, this 
genus has apparently no teeth.) The teeth are always simple, 
sometimes sharp and conical (Monitor), sometimes blade-like 
with serrated edges (Iguana), sometimes with rounded crush- 
ing crowns {Cyclodus). Usually the teeth become anchylosed 
to the jaw, when they may be fixed by their sides to the inner 
wall of the alveolar border of the jaw (“ pleurodont ” den- 
tition), or may be attached by their bases to the summit of 
this border (“ acrodont ” dentition). In the extinct Frotoro- 
sauna, the teeth arc implanted in distinct sockets (“ theco- 
dont dentition). 

The Lacertilia are sometimes divided into three sections in 
accordance with the structure of the tongue. In one group, 
including the greater number of the members of the order, 
the tongue is long, protrusible, and forked {Fissilingiiia or 
Leptoglossd)^ as in the Serpents. In a second group {Brevi- 
linguia or Pachyglossa)^ including the Geckos and Agamids, 
the tongue is thick, fleshy, and not protrusible. Lastly, in a 
third group ( Vcrmiltnguia) are placed the Chameleons, with 
their long protrusible worm-like tongue, the extremity of which 
is clubbed. The following are the principal families of the 
Lacertilians. 

The first family of importance is that of the Amphisbcdnidce^ 
including a number of serpentiform lizards, in which both 
j)airs of limbs are uniformly absent (except in the Mexican 
Chirotes^ in which the fore-limbs are present). All, however, 
possess a pectoral arch, and they are further distinguished 
from the Ophidians by the fact that the rami of the lower jaw 
are united l)y suture, so as greatly to restrict the gape. The 
type-genus, Amp/iisbcma, is South American, and comprises 
apodal snake-like lizards with short blunt tails, having the 
vent situated nearly at the end of the body. 

In the family of the Cha/cidida we also have lizards with 
long snake-like bodies, but minute fore and hind limbs are 
present The scales are rectangular, and are arranged in 
transverse bands which do not overlap. All the members of 
this group are American. In the nearly allied Zonurida the 
limbs may be well developed, rudimentary, or wholly wanting ; 
there is a l(fngitudinal fold of skin on each side of the body ; 
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and the abdominal scales are square or roundish, and disposed 
in cross bands. The ears are distinct, and the eyes are pro- 
vided with eyelids. In this group are the footless American 
Glass-snakes (Ophtsaums), and the Sheltopusiks i^Pseudopus) 
of the Old World, in which the limbs are wanting, or a rudi- 
mentary pair of hind-legs is present. 

More important than any of the preceding is the large and 
widely distributed family of the Scinddce^ comprising a number 
of small Lacertilians, some of which are completely snake-like, 
whilst others possess a single pair of limbs, and others again 
have the normal two pairs of limbs in a well-developed condi- 
tion. All possess movable eyelids, and in all tlie conforma- 
tion of the lower jaw is Lacertilian, and not Ophidian. All 
the Scincoidean I^izards have the body covered by similar 
scales overlapping qne another like the scales of fishes, whilst 
the head is protected by larger symmetrical plates. The 
tongue is free, fleshy, and slightly notched. 

Of the snake-like forms of this group, none is more familiarly known 
than the Blind-worm or Slow-worm {An^a^uis frngilis^ fig. 302) which is 
found over almost the whole of Europe, in western Asia, and northern 



Fig. 302.— The )^X\xi^-^oxm{^Anguisfrag^li 5 ) — after Bell. 


Africa, and which is one of the most abundant of the British Reptiles. 
The Blind -worm possesses no external appearance of limbs, though the 
scapular and pelvic arches are present in a rudimentary condition. Its 
appearance is completely serpentiform, and it is vulgarly Regarded as a 
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dangerous and venomous animal, but quite erroneously, as it is even un- 
able to pierce the human skin. It is a perfectly harmless animal, living 
upon worms, insects, and snails, and hibernating during the winter. It 
derives its specific name of fragilis from the fact that when alarmed it 
stiffens its muscles to such an extent that the tail can be readily broken off, 
as if it were brittle. 

Numerous other small Lizards are referable to the Scincuiie, but it is 
only necessary to mention the Skinks themselves {Scincus), in which both 
pairs of limbs are present in a well-developed state. The Skinks are found 
in almost all the warmer parts of the Old Woild, and closely-allied forms 
(such as the West Indian “ Oalliwasp ”) are found in the New World. 
The common Skink (fig. 303) is a native of Arabia and Africa. It attains 
a length of eight or nine inches, and was formerly used in various diseases 
as a remedy. 


Passing over several small groups, the next family requiring 
consideration is that of the Lacertidee, comprising the typical 
Lizards, in which there arc always four well-developed limbs, 



303.— The common Skink {Seine us o>(fidnnlis). 


each terminated by five free toes of unequal lengths. The 
body is covered with scales, which assume the form of shields 
or “scuta** over the abdomen and on the head, the scales of 
the former region being square and arranged in transverse 
bands. The tail is rounded. The tongue is slender, bifid, 
and protrusible, and the eyes have distinct lids. The only 
truly British Lizards are the Sand-lizard {Lacerta agilis) and 
the Viviparous Lizard {Zootoca vivipara ) ; and the commonest 
form upon the Continent is the graceful little Green Lizard 
{Lacerta vifidis\ which also occurs in Jersey. The Lizards of 
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the Old World are represented in America by the Ameivce, 
some of which attain a length of several feet. 

Very closely allied to the true Lizards are the Varanidce or 
Monitors which are indeed chiefly separated by the compara- 
tively trivial fact that the abdomen and head are covered with 
small non-imbricating scales, and not with large “ scuta. The 
tongue is protrusible and fleshy, like that of the Snakes. The 
teeth are lodged in a common alveolar groove, which has no 
internal border ; and there are no palatal teeth. The tail has 
a double row of carinated scales, and is cylindrical in the 
terrestrial forms, and compressed in those whose habits are 
aquatic. The Monitors are exclusively found in the Old 
World (Asia, Africa, and Australia), and are the largest of all 
the recent Lacertilia ; the Varanus Niloticus of Egypt attaining 
a length of six feet, and the Hydrosaurus salvator of the East 
Indian Archipelago attaining to as much as eight feet. The 
Heloderma horridum of Mexico is sometimes placed here. 

The Iguamd(B constitute another large family of Lizards, 
belonging (if the AgamidcB be excluded) entirely to the New 
World. The tongue is thick, fleshy, notched at its extremity 
only, and not protrusible. Mostly there is a dorsal crest, and 
a goitre or throat-pouch. The body is covered with imbri- 
cated scales. They are often divided into ‘‘ ground-iguanas,*^ 
in which the body is flat and depressed, and “ tree-iguanas,** 
in which the body is compressed. The members of the genus 
Iguana itself (fig. 301) are confined to South America and the 
West Indies, and are distinguished by having the throat fur- 
nished with a pendulous dewlap or fold of skin, the edge of 
which is toothed. The back and tail, too, are furnished with 
an erect crest of pointed scales. The common Iguana (/. 
tuberculata) attains a length of from four to five feet, and 
though not of a very inviting appearance, is highly esteemed 
as food. The Basilisks {Basiliscus) have the toj) of the head 
furnished with a membranous sac, which can be distended 
with air at will. 

The family of the Agamidco is closely allied to that of the 
Iguanidce proper, and represents it in the Old World. The body 
is covered with imbricated, generally rhombic, scales ; the tongue 
is thick and non-protrusible ; the eyes have eyelids ; and the 
teeth are implanted on the edge of the bones of the jaws. 

The Lizards of this group are distributed over nearly the whole of the 
Old World (principally Asia, Africa, and Australia), and are cither 
arboreal or terrestrial in habit. Good examples are the Stcllio vulgaris 
of the Levant, the Agama muricata of Australia, and the hideous Moloch 
horridus of the same country. Here also belongs the curious little Frill 
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Lizard {Chlamydosaurus) of Australia, which has the neck furnished on 
each side with a membranous plaited frill, which can be erected at will. 
More remarkable than the above arc the little Flying Dragons {Draco) 
of the East Indies and Indian Archipelago. In these singular little Lizards 
there is a broad membranous expansion on each side, formed by a fold 
of the integument, supported upon the five or six posterior or false ribs, 
which run straight out from the spinal column (fig. 304). By means of 



1' Fore-portion of the skeleton of Draco volatis, the tail being omitted, 
.showing the posterior or false ribs supporting the parachute. 

these lateral expansions of the skin, the Draco can take long flying leaps 
from tree to tree, and can pursue the insects on which it feeds ; but the 
lateral membranes simply act as parachutes, and there is no power of true 
flight, properly so called. 


The GeckotidiE form a large family of Lizards, comprising a 
great number of species, occurring in almost all parts of the 
world between and near the tropics. The longue is wide, flat, 
scarcely notched at its free extremity, and hardly at all pro- 
triisible. The eyes are large, mostly with extremely short lids, 
the pupil mostly vertical and linear, but sometimes circular. 
'Fhe vertebrae are amphiccelous. The teeth are numerous, 
small, compressed, and implanted on the inner edge of the 
jaw. The nails (when present) are mostly hooked and retrac- 
tile, and the toes are furnished below with imbricated plates 
or with aflhesive discs. The animal is generally capable of 
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running on the smoothest surfaces, or suspending itself back- 
downwards. They feed on insects, and are found in abun- 
dance in the warmer parts of both the Old and New 
Worlds. 

Another remarkable family of Lacertilians is that of the 



305.— Hoad of Ceciv stcntor. (After (Jiinlhor ) 


Chamccieofitida;, containing, among other species, the familiar 
little Chamceleo A/rica^iuSy which occurs abundantly in the 
north of Africa and in Egypt, and is so well known for its 
power of changing its colour under irritation or excitement. 
In this genus the eye (fig. 306) is of large size, and is covered 



Fig. 306.— Head of a Chameleon (C. Pctersii). (After Cray ) 


by a single circular lid, perforated centrally by a small aperture, 
by which the rays of light reach the pupil. The Chameleon 
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is naturally a sluggish animal, but it catches its food, consist- 
ing of insects, by darting out its long, fleshy, and glutinous 
tongue — an operation which it effects with the most extra- 
ordinary rapidity. 

The tail in the Chameleons is round and prehensile, the 
body compressed, and the skin like shagreen. The tongue 
is long, vermiform, club-shaped in front, and very extensile. 
The toes are adapted for the arboreal life and scansorial habits 
of the animal, being so arranged as to form two equal and 
opposable sets. The lungs are excessively voluminous. The 
Chameleons are exceedingly sluggish and slow in their move- 
ments, and are confined to the warmer parts of the Old 
World. 

The last group of living Lizards which requires notice is 
that of the Rhy7ichocephalia^ a group comprising only the 
curious genus Hatteria or Sphetwdon^ which is so aberrant in 
its characters that this section may well be regarded as a sub- 
order of Lacertilia, Only one species {H, pimciata) of this 
genus is known, and it inhabits New Zealand. 

In this singular form (fig. 307) the vertebrae arc amphicoclous, 



Kig 307. — Side view of the skull of Ifntt-'t'ia punctata^ the lower jaw being removed 
(After diiiither.) 


and some of the ribs bear “ uncinate processes ’’ similar to those 
of Birds. The quadrate bone is not movable, and is united by 
suture with the skull. The teeth are completely amalgamated 
by anchylosis with the jaws, and are developed in the mandible, 
praemaxillse, maxillas, and in a longitudinal series upon the 
palatine bones. The praemaxillary teeth are two in number, 
and are of large size and scalpriform in shape. The serrated 
.edge of the mandible is received in the groove between the 
palatine teeth and the cutting edges of the maxillae, the alveolar 
borders of which are hard and as highly polished as the teeth 
themselves, the function of which they discharge when the 
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latter are ground down in advanced age. Unlike any other 
Saurian, Hatteria is devoid of any copulatory organ. 

Distribution of Lacertilia in Time. — It is hardly pos- 
sible, with our present knowledge, to speak very positively as 
to the exact range of the Lacertilia in time. This uncertainty 
arises from two causes, — firstly, that there is some doubt as to 
the exact age of some deposits which have yielded Lacertilian 
remains ; and secondly, that the affinities of some extinct 
Reptiles are a matter of considerable question. Upon the 
whole, the oldest known I^acertilian would appear to be the 
Protorosaurus of the Middle Permian rocks; though good 
authorities have placed this form in the Crocodilian group of 
the Thecodofiiia. Proiorosaitnis attained a length of between 
five or six feet, and differs from all existing Lizards in having 
its teeth implanted in distinct sockets — this being a Croco- 
dilian character. In other respects, the Permian reptile ap- 
proximates closely to the living Monitors ( Varanidce\ and its 
slightly cupped vertebras would lead to the belief that it was 
aquatic in its habits. Both pairs of limbs were present, both 
pentadactylous, and constructed on the type of the limbs of 
the typical Lizards. 

In rocks known or supposed to be of Triassic age, several 
Lacertilian reptiles have been discovered, of which the most 
important are Tderpeton^ Hyperodapedoti, and Rhynchosaurus^ 
of which the last is sometimes referred to the group of the 
Anomodontia^ to be subsequently spoken of. 

In the Jurassic period, the remains of I.acertilians are not 
unknown, but call for little special notice. Several forms of 
little importance have been described from the Middle Oolites. 
In the fresh- water strata of the Purbeck series (Upper Oolites), 
occur the remains which have been referred to the genera 
Nuthetes, Maccllodon^ Saurillus, and Echhiodon, These are, 
perhaps, the first traces in the stratified scries of remains, the 
affinities of which to the typical Lacertidee cannot be disputed. 

In the Cretaceous rocks occur the singular Lacertilian s 
which form the group of the Mosasauroids.” These remark- 
able Reptiles were of gigantic size, Mosasai/rus princeps being 
believed to have attained the enormous length of not less than 
seventy-five feet. The teeth of these reptiles are long, conical, 
and slightly curved ; but they are anchylosed to the jaw, and 
are not sunk into distinct sockets as in the living Crocodiles. 
Tlie vertebrae are procoelous. From the shortness of the hu- 
merus, and the indications that the vertebral column was un- 
usually flexible, and that the tail was laterally compressed, it 
was early conjectured that the Mosasauroids were nifarine and 
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aquatic in their habits. This conjecture has been raised to 
the rank of a certainty by the discovery that the fore and hind 
limbs of the Mosasauroids were 


3 ^ 


in the form of fin-like paddles, 
resembling the flippers of whales 

in general structure, and in hav- A ^ 

ing the digits distinct and only 
conjoined by integument (fig. 

308). There can therefore be <S|l 

no doubt that Afosasaurus — like ^ 

the living A77iblyrhy7ichus — was 

aquatic in its habits, and fre- ^ 

quented the sea-shore, coming, 
in fact, only occasionally to the fP (% 

land. Professor Marsh has also // 

recently shown that some species Jr ^ \ 

possess bony dermal scutes, thus ^ // (f if 1 

rendering their I.acertilian affini- ^ ^ ^ \ 

ties somewhat dubious. ^ // f? a ' ^ 

Though possessing certain ab* S S I % 
errant characters, it seems best « 3 1 

in the meanwhile to regard the i? 0 ^ 

Afosasau7'id(E ( = tlie Fyt/w7io77ior- n » 

//id of Cope) as an extinct group ^ “ 

of the Laccrtllia. 30^.- Right anterior paddle of Les- 

Txr tesaurus iimus, one -twelfth of the 

Order Iv. CROCODILIA. natural Nize. (After Marsh.) rr Scap- 

The last and highest order of ^ 

tlie living Rcptilia is that of the 

Crocodilia^ including the living Crocodiles, Alligators, and Gav- 
ials, and characterised by the following ])eculiarities : — 

The body is covered 7inth a 71 outer epidei'ifiic exoskeleto7i co77i- 
posed of hor7iy scales^ atid aft mtter dermal exoskelefoti C07tsistifjf^ 
of trafisversc roivs of squared bony plates or scutes^ which may be 
cotifined to the dorsal su7face alone, or tnay exist on the vetitral 
surface as 7uell, and which are disposed on the back of the neck 
into groups of diffe7'e7it fartn and f lumber in certain specks. The 
bones of the skull and face are firmly united together, and the two 
halves or 7-a7ni of the loiver jaw are united in front by a suture. 
There is a smgle row of teeth, which are implanted hi distinct 


sockets, and hollowed at the base for the germs of the new 
teeth, by which they are successively pushed out and replaced 
during the life of the animal. The centra of the dorsal vefiebree 
in all living Crocodilia are proccelous or concave in front, but 
in the extinct forms they may be either amphicoelous (con- 
cave at •both ends) or opisthocoelous (concave behind). The 
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vertebral ends of the anterior trunk-ribs are bifurcate. There 
are two sacral vertebrae. The cervical vertebrae have small 
ribs (hence the difficulty experienced by the animal in turn- 
ing quickly) ; and there are generally false abdominal ribs 
produced by the ossification of the tendinous intersections 
of the recti muscles. There are no clavicles. The sternum 
is rhomboidal and cartilaginous, sending backwards a pair of 
“ xiphoid processes. On its face, anteriorly, is a bony “in- 
terclavicle,*' while a scapula and coracoid exist on each side. 
The heart consists of four completely distinct and separate cavities^ 
two auricles, and t7c>o ventricles ; the ve?itricular septum — as in 
no other Reptiles — being complete. The right and left aortce, hoiv- 
ez^er — or, in other zvords, the pulmonary artery and systemic aorta 
— are connected together close to their origin by a small aperture 
{foramen Panizzce), so that the tzuo sides of the heart communicate 
with one another. The aperture of the cloaca is longitudinal, and 
not transverse as in the Lizards. All the four limbs are present, 
the anterior ones being pentadactylous, the posterior tetradactylous. 
All are oviparous. 

The chief points by which the Crocodiles are distinguished 



Fig. 309. — A, Head and anterior portion of the body of Crocodilus ^ondicerianus ; 
B, Hind-foot of the same. (After Gunther.) 


from their near allies the Lacertilians, are the possession of a 
partial bony dermal exoskeleton in addition to the ordinary 
epidermic covering of scales, the lodgment of the teeth in 
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distinct sockets, and the fact that the mixture of venous and 
arterial blood, which is so characteristic of Reptiles, takes 
place, not in the heart itself, but in its immediate neighbour- 
hood, by a communication between the pulmonary artery and 
aorta directly after their origin. 

When the exoskeleton is complete (as in Caiman), it con- 
sists of transverse rows of quadrate bony plates disposed so as 
to form a distinct dorsal and ventral shield, which are separ- 
ated by soft skin in the region of the trunk, but become conflu- 
ent in the tail. All the scutes of one row are united by suture, 
and successive rows usually movably overlap one another. 

The only other points about the Crocodiles which require 
special notice are, that the eyes are protected by movable 
eye-lids ; the ear is covered by a movable ear-lid ; the nasal 
cavities open in front by a single nostril, and are shut off from 
the cavity of the mouth, but open far back into the cavity of 
the pharynx ; and lastly, the tongue is large and fleshy, and is 
immovably attached to the bottom of the mouth. (Hence the 
belief of the ancients that the Crocodile had no tongue). The 
tail is long and compressed, with two rows of keeled plates, 
which unite about its middle to form a single crest, which is 
continued to its extremity. The feet are palmate or semi- 
palmate, and only the three inner toes on each foot possess 
claws. The eyes possess three distinct lids, and there are two 
glands under the throat secreting a musky substance. 

The Crocodilia abound in the fresh waters of hot countries, 
and are the largest of all living Reptiles, not uncommonly 
attaining the length of twenty feet or upwards. 

They are divided by Owen into three sub-orders, according to the shape 
of the dorsal vertebra?, termed the Procaiia, Amphicoclia^ and Opistho- 
ca'Ha. 

Sub-order I. Procoelia. — In this sub-order are all the living members of 
the Crocodilia^ distinguished by having the bodies of the dorsal vertebr.^e 
concave in front (prococlous). Three distinct types may be distinguished 
amongst the living Crocodilia. The Gavial is distinguished by its elongated 
snout, at the extremity of which the nostril is placed, and by the fact that 
the teeth are pretty nearly equal in size and similar in form in the two 
jaws. In the true Crocodiles (fig. 310) the fourth tooth in the lower jaw 
is larger than the others, and forms a canine tooth, which is received into 
a notch excavated in the side of the alveolar border of the upper jaw, so 
that it is visible externally when the mouth is closed. In the Caimans or 
Alligators the same tooth in the lower jaw forms a canine, but it is received 
into a pit in the palatal surface of the upper jaw, where it is entirely con- 
cealed when the mouth is shut. The Crocodiles have the hind-legs bor- 
dered by a toothed fringe, and the toes completely united by membrane. 
They are essentially natives of fresh water, but sometimes frequent the 
mouths of rivers. They occur chiefly in Asia and Africa, but species are 
found in ^me of the West Indian Islands. The Alligators have the hind- 
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legs simply rounded, and the feet not completely webbed. They are 
essentially aquatic, and arc voracious animals, living upon fish or Mam- 
mals. The best-known species are the Alligator of the southern United 
States {A. Mississifpiensis)^ the Caiman {A. palpebrosus) of Surinam and 
Guiana, and the “Jacare” or Spectacled Alligator [A. sdcrops) of Brazil. 
The Gavials inhabit fresh waters, and appear to be exclusively confined to 



Fig. 310.- Skull of the Crocodile. 


the Ganges and other large rivers of India. The Gangctic form {Gavialis 
Gan^cticus)^ in spite of its numerous pointed teeth, is not so highly car- 
nivorous as the true Crocodiles. 

True procrelian Croc<)dile.s occur for the first time in the Greensand 
(Cretaceous series) of North America. In Europe, however, the earliest 
remains of proccelian Crocodiles are from the Lower Tertiary rocks (Eo- 
cene). It is a curious fact that in the Eocene rocks of the south-west of 
England, there occur fossil remains of all the three living types of the Croco- 
namely, the Gavials, true Crocodiles, and ^tlligators ; though at the 
present day these forms are all geographically restricted in their range, and 
are very partially associated together. 

Sub-order 2. Aniphiccelia. — The Amphico^lian Crocodiles, with bicon- 
cave vertebra?, are entirely extinct. They have but a limited geological 
range, extending only from the Trias to the Chalk inclusive, and being 
therefore strictly Mesozoic. The biconcave vertebrx show a decided ap- 
proach to the structure of the backbone in fishes; and as the rocks in 
which they occur are marine, there can be little doubt but that these Croco- 
diles were, in the majority of cases at any rate, marine. The most import- 
ant genera belonging to this order are Teleosaurus^ Belodon^ Stagonolepisy 
Steneosaiirusj Dakosaurus^ Makrospottdyius, and SuckosatirtiSj the last 
being from the fresh-water deposits of the Wealden (Cretaceous). 

Sub-order'^. Opisihoccclia.—'lLhe sub-order of the Obisthoeoelian Croco- 
diles, including those forms in which the anterior trunlc vertebra; are con- 
cave behind, is one which can be only provisionally retained. Professor 
Owen includes in this section the two genera Strepiospondylus and Cetio- 
saurus ; but the latter is referable to the Deinosauria^ and will be treated 
of when that order is considered. The genus Strepiospondylus has been 
founded on vertebrx* obtained from the Oolitic and Wealden formations ; 
but there are doubts as to the true position of the reptile to >^hich these 
belonged. 
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CHAPTER LXII. 

EXTINCT ORDERS OF REPTILES. 

It remains now to consider briefly the leading characters of 
six wholly extinct orders of Reptiles, the peculiarities of which 
are very extraordinary, and are such as are exhibited by no 
living forms. 

Order V. Ichthyopterygia, Owen ( - Ichthyosaiiria, Hux- 
ley). The gigantic Saurians forming this order were distin- 
guished by the following characters : — 

The body was Jish-like, without any distinct neck^ and prob- 
ably covered with a smooth or wrinkled skifiy ?to horny or bony 
exoskeleton having been ever discovered. The vertebree were tiu- 
merous, deeply biconcave or amphiccelouSy a?id having the tieural 
arches united to the coitra by a distinct suture. The anterior 
trunk-ribs possess bifurcate heads. There is no sacrum^ aiid no 
sternal ribs or sternum., but clavicles luere present as well as an 
interclavicle (episternum) ; and false ribs were developed in the 
walls of the abdomen. The skull had enormous orbits separated 
by a septum., and an elongated snout. The eyeball was protected 
by a ring of bony plates in the sclerotic (fig. 313). The teeth were 
not lodged in distinct sockets, but in a common alveolar groove. 
The fore and hind limbs were converted into stuimming-paddles, 
the ordinary number of digits {five) remaining recognisable, but 
the phalanges being greatly increased hi number, and marginal 
ossicles being added as well, A vertical caudal fin 7 uas in all 
probability present. 

The order Ichthyopterygia includes only, or principally, the 
gigantic and fish -like Ichthyosauri (fig. 311), all exclusively 



Pig* 3 *** — Ichthyosaurus communis. 


Mesozoic, and abounding in the Lias, Oolites, and Chalk, but 
especially characteristic of the Lias. If, however, the Eosaurus 
Acadiensis (Marsh) of the Coal-measures of Nova Scotia be 
rightly referred to this order, then the Ichthyopterygia date from 
the Carb(Jniferous period. Moreover, Prof. Marsh has recently 
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described, from the Jurassic deposits of North America, a 
Reptile, which he has named Saurafwdon, and which agrees 
in all important respects with Ichthyosatirus^ except that it has 


b h 



Kig. 312,- -A, Pectoral arch and fore-Umbs of Ichthyosaurus: a Interclavicle; b b 
Clavicles; c c Scapula:; d d Coracoids; e Humerus \/ Radius; g Ulna. (Some- 
what altered from Huxley.) B, Pelvis of Ichthyosaurus: p Pubis; il Ilium; is 
Ischium. 

no teeth. Prof. Marsh regards it as the type of a new order, 
but we may in the meanwhile include it liere. There is no 
doubt whatever but that the Ichthyosauri were essentially 
marine animals, and they have been often included with the 
next order {Sauropterygia) in a common group, under the name 
of Enaliosauria or Sea-lizards. 

In the biconcave vertebrae and probable presence of a ver- 
tical tail - fin, the Ichthyosaurus approaches the true fishes. 
There is, however, no doubt as to the fact that the animal was 
strictly an air-breather, and its reptilian characters cannot be 
(questioned, at the same time that the conformation of the limbs 
is decidedly Cetacean in many respects. Much has been 
gathered from various sources as to the habits of the Ichthyo- 
saurus^ and its history is one of great interest. From the 
researches of Buckland, Conybeare, and Owen, the following 
facts appear t6 be pretty well established : That the Ichthyo- 
sauri kept chiefly to open waters may be inferred from their 
strong and well-develoi)ed swimming apparatus. That they 
occasionally had recourse to the shore, and crawled upon the 
beach, may be safely inferred from the presence of a strong 
and well-developed bony arch, supporting the fore-limbs, and 
somewhat resembling in structure the scapular arch of the Or- 
nithorhynchus or Duck-mole of Australia. That they lived in 
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Stormy seas, or were in the habit of diving to considerable 
depths, is shown by the presence of a ring of bony plates in 
the sclerotic, protecting the eye from injury or pressure (fig. 
313). That they possessed extraordinary powers of vision, 



313.— Skull of Ichthyosaurus y showing the sclerotic plates. 


especially in the dusk, is certain from the size of the pupil, and 
from the enormous width of the orbits. That they were car- 
nivorous and predatory in the highest degree is shown by the 
\vide mouth, the long jaws, and the numerous, powerful, and 
pointed teeth. This is proved, also, by an examination of 
their petrified droppings, which are known to geologists as 
“ coprolites,’* and which contain numerous fragments of the 
scales and bones of the Ganoid fishes which inhabited the 
same seas. 

Order VI. Sauropterygia, Owen Pleswsauria, Hux- 
ley). This order of extinct reptiles, of which the well-known 
Plesiosaurus may be taken as the type, is characterised by the 
following peculiarities : — 

The body^ as far as is known^ was naked^ and not furnished 
until any horny or bony exoskeleton. The bodies of the vertebrce 



3*4 * — Plesiosaurus dolichodeirus. 


were either flat or only slightly cupped at each end^ and the neural 
arches were anchylosed with the centra^ and did not remain dis- 
tinct during life. The transverse processes of the vertebrce were 
long^ and the anterior trunk-ribs had simple^ not bifurcate heads. 
No sternum or sternal ribs are knenvn to have existed^ but there 
were false abdominal ribs. The neck (fig. 314) in most was greatly 
elongated^ and composed of numerous vertebrce. The sacrum was 
composed oftivo vertebrce. The orbits were of large size, and there 
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7aas a long snout, as in the Ichthyosauri, hut there was no circle of 
bony plates in the sclerotic. The limbs agree with those of the Ich- 
thyosauri in being in the form of swimming-paddles (fig. 315), btit 
differ in not possessing any supernumerary 



marginal ossicles, A pectoral arch, forfiied 
of t 7 vo clavicles and an interclavicle {epi- 
sternum), appears to have been so?netimes, 
if 7 iot always, present. The teeth 7 verc 
simple, and were inserted into distinct sock- 
ets, atid not lodged in a common groove. 

The most familiar and typical member 
of the Sauropterygia is the Plesiosaurus 
(fig. 314), a gigantic marine reptile, chiefly 
characteristic of the Lias and Oolites. 
As regards the habits of the Plesiosaurus, 
Dr Conybeare arrives at the following 
conclusions : “ That it was aquatic is 
evident from the form of its paddles ; that 
it was marine is almost etpially so from 


t'ig- 315 — fore-pa^ie the remains with which it is universally 
c'uiia’ associated; that it may have occasionally 
visited the shore, the resemblance of its 


extremities to those of the Turtles may lead us to conjecture ; 
its movements, however, must have been very awkward on land ; 
and its long neck must have impeded its progress through the 
water, presenting a striking contrast to the organisation which 
so admirably fits the Ichthyosaurus to cut through the waves.” 
As its respiratory organs were such that it must of necessity 
have required to obtain air frequently, we mjy conclude “ that 
it swam upon or near the surface, arching blck its long neck 
like a swan, and occasionally darting it down at the fish which 
happened to float within its reach. It may, perhaps, have 
lurked in shoal water along the coast, concealed amongst the 
sea-weed ; and raising its nostrils to a level with the surface 
from a considerable depth, may have found a secure retreat 
from the assaults of powerful enemies ; while the length and 
flexibility of its neck may have compensated for the want of 
strength in its jaws, and its incapacity for swift motion through 
the water.” 


The geological range of the Plesiosaurus is from the Lias to 
the Chalk inclusive, and specimens have been found indicating 
a length of from eighteen to twenty feet. 

Of the other genera of the Sauropterygia, Simosaurus and 
Nothosaurus are from the Trias, and are chiefly characteristic 
of its middle division, the Muschelkalk. PlacoduJ^ is another 
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genus, also from the Muschelkalk, and is characterised by the 
extraordinary form of the teeth, which resembled those of 
many fishes in forming broad crushing plates, constituting a 
kind of pavement. 

Order VII. Anomodontia, Owen Dicynodontiay Hux- 
ley). The leading characters of this order are to be found in 
the structure of the jaws, which appear to have been sheathed 
in horn so as to constitute a kind of beak, very like that of 
the Chelonians. In the genus Oudefiodon (fig. 316), both jaws 




Fig. 316, — A, Skull of Dicynoilon lacertnt'PSy showing the maxillary tusk. B, Skull 
of Oudenodon Baimi. From the Trias of South Africa. (After Owen.) 

seem to have been altogether destitute of teeth ; but in Dicy- 
nodo?i (fig. 316) there were two long tusks, growing from per- 
sistent pulps, placed one on each side in the upper jaw. The 
pectoral and pelvic arches were very strong, and the limbs were 
7 aell developed and fitted for 7 mlking, and not for S7mnimingy 
Dicynodon and Oudenodon are known only from strata of 
supposed Triassic age in South Africa and India, but Rhyncho- 
saurus occurs in the Trias of Europe. This last genus, how- 
ever, is placed by Huxley amongst the Lacertilia, 

Order VIII. Pterosauria {Omithosauria, Seeley). — This 
order includes a group of extraordinary flying Reptiles, all be- 
longing to^he Mesozoic epoch, and exhibiting in many respects 
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a very extraordinary combination of characters. The most fa- 
miliar members of the order are the so-called “ Pterodactylcs,” 
and the following are the characters of the order : — 

No exoskeleton is known to have existed. The dorsal vertebne 
are procoelouSy arid the anterior tnmk-ribs are double-headed. 
There is a broad sternum with a median ridge or keel, and ossified 
sternal ribs. The jaws were generally armed with teeth, and 
these were implanted in distinct sockets. In some forms {Ram- 
phordiynchus) there appear to have been no teeth in the ante- 
rior portion of the jaws, and these parts seem to have been 
sheathed in horn, so as to constitute a kind of beak. In the 
genus Ptei'anodon, from the Cretaceous rocks of North America, 
comprising gigantic examples of the order, the jaws are com- 
pletely destitute of teeth, and appear to have been encased in 
a horny beak. 

A ring of bony plates occurs in the sclerotic coat of the eye. The 
pectoral arch consists of a scapula and distinct coracoid bone, 
articulating with the sternum as in Birds, but no clavicles have 
hitherto been discervered. The fore-limb (fig. 317) consists of a 



'g- 3^7- —VUroMu'tylus breinrostris. Skeleton and resturatiun. 


humerus, ulna and radius, carpus, and hand of four fingers, of 
which the inner three are short and unguiculate, whilst the outer- 
most is clawless and is enormously elongated. Between this im- 
mensely-lengthened finger, the side of the body, and the cornpar-a- 
tively small hind limb, there must have been supported an ex- 
partded flying-membrane, or patagiurnfi which the animal must 
have been able to employ as a wing, much as the bats of the prrs- 
erit day. Lastly, most of the bones were pneumatic '' — that is 
to say, were hollow and filled with air. 

By the presence of teeth in distinct sockets, and, as will be 
seen hereafter, especially in the structure of the limbs, the 
Pterodactyles differed from all known Birds, and tbsre can be 
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little question as to their being genuine Reptiles. The only 
Reptiles, however, now existing, which possess any power of 
sustaining themselves in the air, are the little Dragons {Draco), 
but these can only take extended leaps from tree to tree, and 
cannot be said to have any power of flight properly so called. 
That the Pterodactyles, on the other hand, possessed the 
power of genuine flight, is shown by the presence of a median 
keel upon the sternum, proving the existence of unusually de- 
veloped pectoral muscles ; by the articulation of the coracoid 
bones with the top of the sternum, providing a fixed point or 
fulcrum for the action of the pectoral muscles; and, lastly, 
by the existence of air-cavities in the bones, giving the animal 
the necessary degree of lightness. The apparatus, however, 
of flight was not a “ wing,"’ as in Birds, but a flying membrane, 
very similar in its mode of action to the patagium of the Mam- 
malian order of the Bats. The patagium of the Bats, however, 
differs from that of the Pterodactyles in being supported by 
the greatly-elongated fingers, whereas in the latter it is only 
the outermost finger which is thus lengthened out. The diffi- 
culty as to the position of the Fterosauria is evaded by jVIr 
Seeley by placing them in a distinct class, which he terms 
Ornithosauria, and which he regards as most nearly related 
to, but coequal with, the class Aves, 

The Fterosauria are exclusively Mesozoic, being found from 
the Lower Lias to the Chalk inclusive, the Lithographic Slate 
of Solenhofen (Upper Oolite) being particularly rich in their 
remains. Most of them appear to have attained no very great 
size, but the remains of a species from the Cretaceous rocks 
have been considered to indicate an animal with more than 
twenty feet expanse of wing, counting from tip to tip. 

In the genus Fterodactylus proper, the jaws are provided 
with teeth to their extremities, all the teeth being long and 
slender. 

In Dimorphodon, the anterior teeth are large and pointed, 
the posterior teeth small and lancet-shaped. 

In Ramphorhynchiis, the anterior portion of both jaws is 
edentulous, and may have formed a horny beak, but teeth 
are present in the hinder portion of the jaws. 

In Fteranodon, lastly, the jaws are completely edentulous, 
and were probably ensheathed in horn. This genus, along 
with some small forms, includes the largest known members 
of the order. 

Order IX. Dinosauria, or Deinosauria. — The last order 
of extinct Reptiles is that of the Dinosauria, comprising a 
group of fery remarkable Reptiles, which are in some respects 
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intermediate in their characters between the Struthious Birds 
and the typical Reptiles; whilst they have been supposed to 
have affinities to the Pachydermatous Mammals. Most of the 
Dinosauria were of gigantic size, and the order is defined by 
the following characters : — 

The skin was sometimes nakedy sometimes fur?iished with a 

well - developed exoskeleton ^ 
consisting of bony shields, 
much resembling those of 
the Crocodiles, A feiv of 
the anterior vertebrce were 
opisthocoelousy the remainda- 
having flat or slightly bi- 
coficave bodies. The ante- 
rior trunk-ribs were double- 
headed, The teeth were con- 
fined to the ja7£fs and ijn- 
pla7ited in distinct sockets. 
There were ahvays Hvo 
pairs of limbsy and these 
7vere strong, furnished 7vith 
claTi^Sy and adapted for ter- 
restnal progression. In 
so f fie cases the fore- limbs 
were very small in propor- 
tion to the size of the hind- 
limbs, No clavicles have 
been discovered. 

The teeth are sometimes 
implanted in distinct sock- 
ets, and they are never 
anchylosed with the jaws. 
The ischium and pubes 
are much elongated; the 
inner wall of the acetab- 
ulum is formed by mem- 
brane; the .tibia has its proximal end prolonged anteriorly 
into a strong crest ; and the astragalus is bird-like (Huxley). 

The most remarkable points in the organisation of the 
Dinosauria are connected with the structure of the pelvis 
and hind-limb, the characters of which, as pointed out by 
Huxley, approximate to those of the same parts in the Birds, 
and especially in the Struthious Birds. This approximation 
is especially seen in the prolongation of the ilium in front of 
the acetabulum (fig. 318), the elongation and slenderness of 
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form of the ischium, and the slenderness of the pubes. The 
astragalus is like that of a bird, and in some cases appears 
to have become anchylosed with the distal end of the tibia. 
The metatarsal bones, however, remain distinct, and are not 
anchylosed with any of the tarsal bones to form a “tarso- 
metatarsus.” 

The most familiar examples of the Dinosatiria are Megalosaiirus and 
Jgitanodon, 

Megalosaurtis is a gigantic Oolitic Reptile, which occurs also in the 
Cretaceous series (Weald Clay). Its length has been estimated at between 
forty and fifty feet, the femur and tibia each measuring about three feet 
in length. As the head of the femur is set on nearly at right angles with 
the shaft, whilst all the long bones contain large medullary cavities, there 
can be no doubt but that Megalosaiirus was terrestrial in its habits. That 
it was carnivorous and destructive in the highest degree is shown by the 
powerful, pointed, and trenchant teeth. 

The Iguanodon is mainly, if not exclusively, Cretaceous, being especially 
characteristic of the great delta-deposit of the Wealden. The length of 
the Iguanodon has been estimated as being probably from fifty to sixty 
feet ; and from the close resemblance of its teeth to those of the living 
Iguanas, there is little doubt that it was herbivorous and not carnivorous. 
The femur of a large Iguanodon measures from four to five feet in length, 
with a circumference of twenty-two inches in its smallest part. From the 
disproportionately small size of the fore-limbs, and from the occurrence of 
pairs of gigantic three-toed footsteps in the same beds, it has been con- 
cluded, with much probability, that Iguanodon^ in spite of its enormous 
bulk, must have walked temporarily or permanently upon its hind-legs, 
thus coming to present a most marked and striking affinity to the Birds. 

The most remarkable, however, of the Dinosauria^ is the little Comp- 
sognathiis longipes, from the Lithographic Slate of Solenhofen, referred to 
this order by Professor Huxley. This Reptile is not remarkable for its 
size, which does not seem to have been much more than two feet, but for 
the singular affinities which it exhibits to the true Birds. The head of 
Com psognathus was furnished with toothed jaws, and supported upon a long 
and slender neck. The fore-limbs were very short, but the hind-limbs 
were long and like those of Birds. The proximal portion of the tarsus 
resembled that of Birds in being anchylosed to the lower end of the tibia ; 
but the distal portion of the tarsus — unlike that of Birds — was free, and 
was not anchylosed with the metatarsus. Huxley concludes that “it is 
impossible to look at the conformation of this strange Reptile, and to 
doubt that it hopped or walked in an erect or semi-erect position, after the 
manner of a Bird, to which its long neck, slight head, and small anterior 
limbs must have given it an extraordinary resemblance.” 

The researches of Professor Phillips, further, have now shown that the 
gigantic Cetiosaurus of the Oolitic and Cretaceous rocks, formerly referred 
to the Crocodilian is truly a Deinosaur. Its total length is estimated at 
probably not less than sixty or seventy feet. 


Order X. Theriodontia. — This order has been founded 
by Professor Owen for the reception of a number of carnivor- 
ous Reptiles from deposits of Triassic or Permian age. The 
Reptiles in question show some singular Mammalian affinities, 
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especially to the Beasts of Prey. The dentiiion is of the carnivor- 
ous typOy the teeth being in three disthict sets — viz,y incisors y canines y 
and molarSy and the canines hemg large and pointed. 

In Cy nodraco y which may be regarded as the type of the 
group, the canines are not only of immense size, but are com- 



Fig;. 319.— A, Front view of the skull of Lycosaunts, showing the dentition. B, Front 
view of the jaws of Cynodraco serridens, showing the incisor teeth. C, .Side view of 
the jaws of Lycosaurus, showing the incisors and the Inniariform canines; c Canines. 
(After Owen.) 


pressed in shape, and have the hinder trenchant border of the 
tooth minutdy serrated, thus resembling the canines of the 
Sabre-toothed Tiger (Machairodus), The humerus is, further, 
furnished with a ‘‘ supra-condyloid foramen '' (similar to that 
of the humerus of Felidce and other carnivorous Mammals) for 
the protection of the median nerve and brachial artery on 
their way down the arm. Whilst Cynodraco is the type of the 
Theriodontiay Prof. Owen is of opinion that a number of other 
genera (such as Galesaurus, Cynocha??ipsay LycosauruSy &c ), 
principally of .Triassic age, are likewise referable to the same 
order. 
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CHAPTER I.XIIL 
CLASS /V.--AVLS. 

The fourth class of the Vertebrata is that of Aves^ or Birds. 
The Birds may be shortly defined as being “ oviparous Verte- 
brates with warm blood, a double circulation, and a covering 
of feathers (Owen). More minutely, however, the Birds are 
defined by the possession of the following characters : — 

The embryo possesses an amnion and allantois, and branchice 
or gills are never developed at any time of life upon the visceral 
arches. The skull articulates with the vertebral column by a 
single occipital condyle. The form of the vertebral centra 
varies ; but they are in no case amphiccelous, except in the 
remarkable extinct form described under the name of Ichthyor- 
7iis, Each half or ramus of the lower jaw consists of a number 
of pieces, which are separate from one another in the embryo ; 
and the jaw is united with the skull, not directly, but by the 
intervention of a quadrate bone (as in the Reptiles). The fore- 
limb in no existing birds possesses more than three fingers or 
digits, and the metacarpal bones are anchylosed together. In 
all living birds the fore-limbs are useless as regards prehension, 
and in most they are organs of flight. The hind-limbs in all 
birds have the ankle-joint placed in the middle of the tarsus, 
the proximal portion of the tarsus coalescing with the tibia, 
and the distal portion of the tarsus being anchylosed with the 
metatarsus to constitute a single bone known as the “ tarso- 
metatarsus.” 

The heart consists of four chambers, two auricles, and two 
ventricles; and not only are the right and left sides of the 
heart completely separated from one another, but there is no 
communication between the pulmonary and systemic circula- 
tions, as there is in Reptiles. There is only one aortic arch, 
the right. • The blood is hot, having an average temperature of 
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as much as 103® to 104®. The blood-corpuscles are oval and 
nucleated. 

The respiratory organs are in the form of spongy cellular 
lungs, which are not freely suspended in pleural sacs ; and the 
bronchi open on their surface into a number of air-sacs, placed 
in different parts of the body. 

All birds are oviparous, none bringing forth their young 
alive, or being even ovo-viviparous. All birds arc, lastly, pro- 
vided with an epidermic covering, so modified as to constitute 
what are known as feathers. 

Professor Huxley’s account of the method in which feathers are produced 
is so remarkably clear, that no apology is necessary for quoting it in its 
entirety. Feathers “are evolved within sacs from the surface of conical 
papillne of the dermis. The external surface of the dermal papilla, whence 
a feather is to be developed, is provided upon its dorsal surface with a 
median groove, which becomes shallower towards the apex of the papilla. 
From this median groove lateral furrows proceed at an open angle, and 
passing round upon the under surface of the papilla, become shallower, 
until, in the middle line, opposite the dorsal median groove, they become 
obsolete. Minor grooves run at right angles to the lateral furrows. Hence 
the surface of the papilla has the character of a kind of mould, and if it 
were repeatedly dipped in such a substance as a solution of gelatine, and 
withdrawn to cool until its whole surface was covered with an even coat of 
that substance, it is clear that the gelatinous coat would be thickest at the 
basal or anterior end of the median groove, at the median ends of the late- 
ral furrows, and at those ends of the minor grooves which open into them ; 
whilst it would be very thin at the apices of the median and lateral grooves, 
and between the ends of the minor grooves. If, therefore, the hollow cone 
of gelatine, removed from its mould, were stretched from within, or if its 
thinnest parts became weak by drying, it would tend to give way, along 
the inferior median line, opposite the rod-like cast of the median groove, 
and between the ends of the casts of the lateral furrows, as well as between 
each of the minor grooves, and the hollow cone would expand into a flat 
feather-like structure, with a median shaft, and a ‘ vane ’ formed of ‘ barbs ’ 
and ‘barbules.* In point of fact, in the development of a feather, such a 
cast of the dermal papilla is formed, though not in gelatine, but in the homy 
epidermic layer developed upon the mould, and as this is thrust outwards, 
it opens out in the manner just described. After a certain period of growth 
the papilla of the feather ceases to be grooved, and a continuous horny 
cylinder is formed, which constitutes the ‘ quill.’ ” 

A typical feather (fig. 320) consists of the following parts : — 
I. The “ quiir* or “ calamus” (a), which forms the basal por- 
tion of the feather, by which it is inserted in the skin on its 
own dermal papilla. It is the latest-formed portion of the fea- 
ther, and consists of a hollow horny cylinder. 2. The ‘‘ shaft ” 
or “ rachis ” (b)y which is simply a continuation of the quill, 
and which forms the central axis of the feather. The inferior 
surface of the shaft always exhibits a strong longitudinal groove, 
and it is composed of a horny external sheath, containing a 
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white spongy substance, very like the pith of a plant. 3. The 
shaft carries the lateral expansions or ‘‘ webs of the feather, 


collectively constituting the “vane” 
or “ vexillum.” Each web is com- 
posed of a number of small bran- 
ches, which form an open angle 
with the shaft, and which are known 
as the “barbs^’ (c). The margins 
of each barb are, in turn, furnished 
with a seriesof still smaller branches, 
which are known as the “ barbules.” 
As a general rule, the extremities 
of the barbules are hooked, so that 
those springing from the one side 
of each barb interlock with those 
springing from the opposite side of 
the next barb. In this way the 
barbs are kept in apposition with 
one another over a greater or less 
portion of the entire web. More 
or less of the barbs in the lower 
portion of the feather are, however, 
disunited, and not connected by 
their barbules; and these consti- 
tute what is known as the “ down.” 
In the Ostriches, Emeus, and some 
others, all the barbs of the fea- 
thers are disconnected, giving to 
the plumage of these birds its pecu- 
liarly soft character. At the point 
where the shaft joins the quill, and 
on the under side of the former, 
there is very generally found a small 
feather, known as the “accessory 
plume,” or “ after -shaft ” (“ hypo- 
rachis ”). This is usually much the 
same in structure as the main fea- 
ther, but considerably smaller. It 
may, however, be as large as the ori- 
ginal feather, or it may be reduced 
to nothing more than a tuft of down. 



The feathers vary in different parts of the bird, and are generally divided 
into those which cover the body — “clothing feathers ’’—and those which 
occur in the wings and tail — “ quill-feathers.°’ As regards the great quill- 
feathers of«the wings, the longest are those which arise from the bones of 
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the hand, and they are called the “primaries.” Those which arise from 
the distal end of the fore-arm (radius and ulna) are termed the “ second- 
aries,” and those which are attached to the proximal end of the fore-arm 
are the “ tertiaries. ” The feathers which lie over the humerus and 
scapula are the “scapulars.” The rudimentary “thumb” also carries 
some quills, which form what is known as the “alula,” or “ bastard-wing.” 
The smaller feathers, which cover the bases of the quill-feathers above 
and below, are the “wing-coverts ” — “greater,” “lesser,” and “under.” 
The great quill-feathers of the tail (“ rectrices”) form a kind of fan, of 
great use in steering the bird in flight ; and their bases are covered by a 
series of feathers which constitute the “tail-coverts.” Generally there are 
ten or twelve “ rectrices ; ” but there may be as many as twenty-four (as in 
the Pelican), or rarely more ; and they do not carry “ accessory plumules.” 
In addition to the “clothing-feathers ” and the quill-feathers ot the wings 
and tail, the body is protected by a more or less abundantly developed 
coating of “down-feathers” (“ plumulae ”), in which the barbules are not 
hooked, and the barbs are therefore free. In some cases there is no shaft 
to the down-feathers, and the barbs are attached in a tuft to the end of the 
quill. In other cases, the feathers closely approximate to hairs in form, 
being very long, slender, and flexible. These “ filopluma; ” consist of a 
delicate shaft, either destitute of vanes, or carrying a few barbs at the 
extremity. 

Though apparently completely covered with feathers, these aj^pendages 
are really almost always confined to certain special tracts (“}>terylie ”) in 
the body of a bird, the intervening spaces (“apleria”) being, with few 
exceptions, naked. These feathered and unfeathercd regions are definite 
in form, size, and arrangement in many great groups of birds, and can thus 
be used as an important aid to classification. 

The entire skeleton of the Birds is singularly compact, and at 
the same time singularly light. The compactness is due to the 
presence of an unusual amount of phosphate of lime ; and the 
lightness, to the absence in many of the bones of the ordinary 
marrow, and its replacement by air. 

As regards the vertebral column^ birds exhibit some very in- 
teresting peculiarities. The cervical region of the spine is 
unusually long and flexible, since the fore-limbs are useless as 
organs of prehension, and all acts of grasping must be exer- 
cised either by the beak or by the hind-feet, or by both acting 
in conjunction. In all birds alike, the neck is sufficiently long 
and flexible to allow of the application of the beak to an oil- 
gland placed at the base of the tail, this act being necessary 
for the due performance of the operation of “ preening ” — that 
is, of lubricating and cleaning the plumage. The cervical 
vertebrae vary in number from eight to twenty-three. The front 
faces of their centra are cylindroidal (spheroidal in Penguins), 
convex from above downwards^ and concave from side to side, the 
posterior faces being saddle-shaped^ concave from above down- 
wards and convex from side to side. Hence in vertical sec- 
tion, the vertebrae appear to be opisthocoelous^ and in horizontal 
section procoelous. This structure of the cervical vertebrae is 
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highly characteristic of Birds. The dorsal vertebrae vary from 
six to ten in number, and of these the anterior four or five are 
generally anchylosed with one another, so as to give a base of 
resistance to the wings. In the Cursorial Birds, however (such 
as the Ostrich and Emeu), and in some others (such as the 
Penguin), in which the power of flight is wanting, the dorsal 
vertebrae are all more or less freely movable one upon another. 
There are no lumbar vertebrae, but all the vertebrae between 
the last dorsal and the first caudal (varying from nine to 
twenty) are anchylosed together to form a bone which is or- 
dinarily known as the ** sacrum.” To this, in turn, the iliac 
bones are anchylosed along their whole length, giving perfect 
immobility to this region of the spine and to the pelvis. 

The coccygeal or caudal vertebrae vary in number from eight 
to ten, and are movable upon one another. In reality, how- 
ever, the number of caudal vertebrae is much greater than the 
above, since some of the vertebrae of the anchylosed “ sacrum ” 
properly fall to be counted in this region, and the “ plough- 
share-bone ” consists of more than one vertebra. The most 
noticeable feature about this part of the spinal column is what 
is known as the “ ploughshare-bone.” This is the last joint 
of the tail, and is a long, slender, ploughshare-shaped bone, 
destitute of lateral processes, and without any medullary canal 
(fig. 325, B). In reality it consists of two or more of the 
caudal vertebrae, completely anchylosed, and fused into a 
single mass. It is usually set on to the extremity of the spine 
at an angle more or less nearly perpendicular to the axis of the 
body ; and it aflbrds a firm basis for the support of the great 
quill-feathers of the tail (“ rectrices ”). It also supports the 
coccygeal oil-gland, and can be raised at pleasure, so as to 
meet the bill, when the operation of preening is in progress. 
In the Cursorial Birds, which do not fly, the terminal joint 
of the tail is not ploughshare-shaped. In the extraordinary 
Mesozoic bird, the Archaopteryx macfmray there is no plough- 
share-bone, and the tail consists of twenty separate vertebrae, 
all distinct from one another, and each carrying a pair of quill- 
feathers, one on each side (fig, 351), As the vertebrae of the 
ploughshare-bone are distinct from one another in the em- 
bryos of existing birds, the tail of the ArchcBopteryx is to be 
regarded as a case of the permanent retention in the adult 
of an embryonic character. In the increased number of 
caudal vertebrae, however, and in some other characters, the 
tail of the ArchcBopteryx makes a decided approach to the true 
Reptiles. 

The various bones which compose the skull of Birds are 
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amalgamated in the adult so as to form a single piece, and the 
sutures even are obliterated, the lower and upper jaws alone 
remaining movable. The occipital bone carries a single occi- 
pital condyle only, and this is hemispherical or nearly globular 
in shape. The nasal bones are short, so that the nostrils (ex- 
cept in Apteryx) are placed far backwards. The “ beak ” (fig. 
321), which forms such a conspicuous feature in all birds, con- 



Fig. 321.— Skull of Spur-winged Goose {Ficttropterus Gamdensis). 


sists of an upper and lower half, or a “superior'^ and “in- 
ferior mandible.” The upper mandible is composed princi- 
pally of the greatly elongated and coalescent intermaxillary 
bones, which give off long “ frontal processes,” and are flanked 
by the comparatively small superior maxillae. The inferior 
mandible is primitively composed of twelve pieces, six on each 
side ; but in the adult these are all indistinguishably amalga- 
mated with one another, and the lower jaw forms a single 
piece. As in the Reptiles, the lower jaw articulates with the 
skull, not directly, but through the intervention of a distinct 
bone — the quadrate bone — which always remains permanently 
movable, and is never anchylosed with the skull. In no living 
bird are teeth ever developed in either jaw, but both mandibles 
are encased in horn, forming the beak, and the margins of the 
bill are sometimes serrated. The quadrate bone is movable, 
and has articulated to it in front the slender rod-like “jugal” 
bone or “ quadrato-jugal,” which is, in turn, immovably united 
with the slender maxilla on each side. When the mandible is 
depressed, the quadrate bone is thrust forward, and the rod 
formed by the coalescent jugal and maxilla on each side ele- 
vates the upper half of the beak, which is usually articulated in 
a more or less movable manner with the front of the skull. 
The Parrots possess this movable articulation of the upper jaw 
with the skull in its greatest perfection ; but it exists in a less 
complete form in most birds. The maxillae of birds, as before 
remarked, are comparatively slender bones ; but th^y send in- 
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wards extensively developed horizontal processes (‘‘maxillo- 
palatine pjrocesses ”), which form a large portion of the hard 
palate. The extent, however, to which these processes are 



Fig. ^22. — Skull of young Ostrich, viewed from above (A), and from_ below (B). (After 
Owen.)^ <?/■ Occipital foramen; Supra-occipital ; Exoccipital; q Quadrate: 
pa Parietal ; p^ Pterygoid process ; f Frontal ; e Ethmoid ; n Nasal ; pm Maxil- 
lary process of praemaxilla ; m Malar or jugal bone ; im Pra:maxilla ; p Palatine 
bone ; v Vomer ; / Lachrymal bone. The skull being that of a young bird, the sut- 
ures are not yet obliterated. 


developed varies much in different birds, and on these varia- 
tions, combined with the structure of the vomer, Prof. Huxley 
has proposed to found the following divisions of the Carinate 
Birds 

I. Desniogfiathcc . — Maxillre sending inwards largely developed niaxillo- 
palatine prqfesses, which unite with one another to form a bony roof to the 
palate. The vomer truncated in front, small or obsolete. Ex, Birds of 

2 O 
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Prey, Parrots, Cuckoos, Kingfishers, Trogons, Anserine birds. Storks, 
Cormorants. 

2. Schizognathfc, — Maxillo-palatine processes of the maxillae separated 
by a wider or narrower cleft. Vomer long and pointed in front, narrow 
behind. Ex. Plovers, Gulls, Penguins, Cranes, Fowls, Sand -grouse, 
Pigeons. 

3. Aigithogimthce. — Maxillo-palatine processes separated by a cleft. 
Vomer truncated in front, narrow behind. Ex. Perching Birds, Swifts, 
Woodpeckers. 

4. DrorntrognatJuc. — Vomer broad behind, interposing between the 
pterygoids, the palatine bones, and the basi-sphenoid rostrum. This divi- 
sion includes only the Tinamous {Tinamomorphic). 

The thoracic cavity is bounded behind by the dorsal verte- 
brae, which are usually, as before said, anchylosed to one ano- 
ther to a greater or less extent. Laterally, the thorax is bounded 
by the ribs, which vary in number from six to ten pairs. In 
most birds, each rib carries a peculiar process — the uncinate 
process ** — which arises from its posterior margin, is directed 
upwards and backwards, and passes over the rib next in succes- 
sion behind, where it is bound down by ligament. The first 
and last dorsal ribs carry no uncinate processes, and in some 
cases the processes continue throughout life as separate pieces 
(fig- 323, B). Anteriorly, the ribs articulate with a series of 
straight bones, which are called the “ sternal ribs,” and which 
in reality are to be looked upon as the ossified “ costal carti- 
lages.” These sternal ribs (fig. 323, B) are in turn movably 
articulated to the sternum in front, and “ they are the centres 
upon which the respiratory movements hinge” (Owen). In 
front the thoracic cavity is completed by an enormously-ex- 
panded sternum or breast-bone, which in some birds of great 
powers of flight extends over the abdominal cavity as well, in 
some cases even reaching the pelvis. The sternum of all 
bird.s which fly, is characterised by the presence of a greatly- 
developed median ridge or keel (fig. 323, A), to which are 
attached the great pectoral muscles which move the wings. 
As a general rule, the size of this sternal crest allows a very 
tolerable estimate to be formed of the flying powers of the bird 
to which it may have belonged ; and in the Ostriches and 
other birds which do not fly, there is no sternal keel. At its 
anterior angles the sternum exhibits two pits for the attach- 
ment of the coracoid bones. 

The scapular or pectoral arch consists of the shoulder-blade 
or scapula, the collar-bone or clavicle, and the coracoid bone, 
on each side. The scapula, as a rule (fig. 323, A, s s\ is a 
simple elongated bone, not flattened out into a broad plate, 
and carrying no transverse ridge, or spinous process. Only a 
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portion of the glenoid cavity for the articulation with the nead 
of the humerus is formed by the scapula, the remainder being 
formed by the coracoid. The coracoid bones (fig. 323, K,kk) 
correspond with the coracoid processes of man ; but in birds 



323, — A, Ureast-lKme, shoulder-girdle, and fore-lirnb of Penguin (after Owen) : 
Sternum, with the sternal keel ; .v s Scapulae ; k k Coracoid bones ; c Kurculum or 
merrythought, composed of the united clavicles; h Humerus: n Ulna; r Radius; 
/ 'I’humb; m Metacarpus; / / Phalanges of the fingers, li, Ribs of the CJoldeu 
Kagle : a a Ribs giving off {J> o') uncinate processes ; c c Sternal ribs. 


they are distinct bones, and are not anchylosed with the scap- 
ula. The coracoid bone on each side is always the strongest 
of the bones forming the scapular arch. Superiorly it articu- 
lates with the clavicle and scapula, and forms part of the 
glenoid cavity for the humerus. Inferiorly each coracoid bone 
articulates with the upper angle of the sternum. The position 
of the coracoids is more or less nearly vertical, so that they 
form fixed points for the action of the wings in their down- 
ward stroke. The clavicles (fig. 323, A, c) are rarely rudimen- 
tary or absent, and are in some few cases separate bones. In 
the great majority, however, of birds, the clavicles are anchy- 
losed together at their anterior extremities, so as to form a 
single bone, somewhat V-shaped, popularly known as the 
“ merry-thought,” and technically called the “ fiircuhim” (‘‘ four- 
chette” ojthe French). The outer extremities of the furculum 
articulate with the scapula and coracoid ; and the anchylosed 
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angle is commonly united by ligament to the top of the ster- 
num. The function of the clavicular or furcular arch is “to 
oppose the forces which tend to press the humeri inwards 
towards the mesial plane, during the downward stroke of the 
wing” (Owen). Consequently the clavicles are stronger, and 
their angle of union is more open, in proportion to the powers 
of flight possessed by each bird. The furculum is rudimentary 
in the Ostrich, Emeu, and Cassowary, and it is absent in the 
Apteryx and some Parrots. 

We have next to consider the structure of the bones which 
compose the fore-limb or “wing” of the bird; and as this 

organ is the one which chief- 

f ly conditions the peculiar life 

of the bird, it is in it that we 
find some of the most charac- 
teristic points of structure in 
the whole skeleton.. Though 
considerably modified to suit 
its function as an organ of 
aerial progression, the wing 
of the bird is readily seen to 
be homologous with the arm 
of a man or the fore-limb of 
a Mammal (fig. 323, A, and 
"p fig. 324). The upper arm 
{drachiian) is supported by 
a single bone, the humerus, 

. which is short and strong, 
^ and articulates above with 
the articular cavity formed 
partly by the scapula and 
partly by the coracoid (fig. 
324, h). The humerus is 
Fig. 3^^.-Kore.iimb of the jer-foicon. h Succeeded distally by the 

Humerus : r Radius ; u Ulna ; / “Thumb;" forC-arm (autibrachttiniV COll- 

Stituted by the normal two 
bones, the radius and ulna 
(fig. 324, r, u), of which the radius is the smaller and more 
slender, and the ulna the larger and stronger. The ulna and 
radius are followed inferiorJy by the bones of the wrist or 
carpus; but these are reduced in number to i 7 Cfo small bones, 
one radial and one ulnar, “so wedged in between the anti- 
brachium and metacarpus as to limit the motions of the hand 
to those of abduction and adduction necessary for the folding 
up and expansion of the wing; the hand is thus ‘fixed in a 
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state of pronation ; all power of flexion, extension, or of rota- 
tion, is removed from the wrist-joint, so that the wing strikes 
firmly, and with the full force of the contraction of the de- 
pressor muscles, upon the resisting air ” (Owen). One other 
bone of the normal carpus (namely, the “ os magnum is 
present, but this is anchylosed with one of the metacarpals. 
There are thus really three carpal bones, though only two 
appear to be present. (According to Morse, there is a fourth 
carpal, which early anchyloses with the base of the meta- 
carpal of the middle finger.) The carpus is followed by the 
metacarpus, the condition of which agrees with that of the 
carpal bones. The two outermost of the normal five meta- 
carpals are absent, and the remaining three are anchylosed — 
together with the os magnum — so as to form a single bone 
(fig. 324, ///). I'his bone, however, appears externally as if 
formed of two metacarpals united to one another at their 
extremities, but free in their median portion. The metacarpal 
bone which corresponds to the radius is always the larger of 
the two (as being really composed of two metacarpals), and it 
carries the digit which has the greatest number of phalanges. 
This digit corresponds with the ‘‘ index finger, and it is com- 
posed of two, or sometimes three, phalanges (fig. 324, /). At 
the proximal end of this metacarpal, at its outer side, there is 
generally attached a single phalanx, constituting the so-called 
“thumb’* (fig. 324, /), which carries the “bastard-wing,” and 
is sometimes furnished with a claw. The digit which is 
attached to the ulnar metacarpal corresponds to the middle 
finger, and never consists of more than a single phalanx (fig. 
324). In the Apteryx and the Cassowary there is only one 
complete digit to the hand. 

As regards the structure of the posterior extremity or hind- 
limb, the pieces which compose the innominate bones (namely, 
the ilium, ischium, and pubes) are always anchylosed with one 
another ; and the two innominate bones are also always an- 
chylosed, by the medium of the greatly-elongated ilia, with the 
sacral region of the spine. In no living bird, however, with 
the single exception of the Ostrich, are the innominate bones 
united in the middle line in front by a symphysis pubis. The 
stability of the pelvic arch, necessary in animals which sup- 
port the weight of the body on the hind-limbs alone, is amply 
secured in all ordinary cases by the anchylosis of the ilia with 
the sacrum. 

As in the higher Vertebrates, the lower limb (fig. 325 > A) 
consists of a femur, a tibia and fibula, a tarsus, metatarsus, and 
phalange!^ \ but some of these parts are considerably obscured 
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by anchylosis. The femur or thigh-bone (fig. 325, A, /) is 
generally very short, comparatively speaking. The chief bone 
of the leg is the tibia (/), to which a thin and tapering fibula (r) 



Fii?. 325. —A, Hind-limb of the Loon {Colymlms glncialis) — after Owen : i Innominate 
bone ; y Thigh-bone or femur ; i I'ibia, with the proximal portion of the tarsus an- 
ehylosed to its lower end ; r Fibula ; m Tarso-metatarsus, consisting of the distal 
portion of the tarsus anchylosed with the metatarsus ; p p Phalanges of the toes. B, 
1 ail of the Golden Eagle ; j Ploughshare-bone, carrying the great tail-feathers. 

is anchylosed. The upper end of the fibula, however, articu- 
lates with the external condyle of the femur. The ankle-joint 
is placed, as in Reptiles, between the proximal and distal 
portions of the tarsus. The proximal portion of the tarsus, 
consisting of two bones, representing the astragalus and cal- 
caneum or the former only, is undistinguishably amalgamated 
with the lower end of the tibia. The distal portion of tlie 
tarsus is anchylosed with the second, third, and fourth meta- 
tarsals to constitute the most characteristic bone in the leg of 
the Birdc— the “tarso-metatarsus” (fri). In most of the long- 
legged birds, such as the Waders, the disproportionate length 
of the leg is given by an extraordinary elongation of the tarso- 
metatarsus. 
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The tarso-metatarsus is followed inferiorly by the digits of 
the foot. In most birds the foot consists of three toes directed 
forwards and one backwards — four toes in all. In no wild 
bird are there more than four toes, but often there are only 
three, and in the Ostrich the number is reduced to two. In 
all birds which have three anterior and one posterior toe, it is 
the posterior thumb or hallux (that is to say, the innermost 
digit of the hind-limb) which is directed backwards ; and it 
invariably consists of hvo phalanges only, its metatarsal being 
incomplete and united as a rule to the tarso-metatarsus by 
ligament only. The most internal of the three anterior toes 
(the “index”) consists of three phalanges ; the next (“middle”) 
has four phalanges ; and the outermost toe (“ annularis ”) is 
made up of five phalanges (fig. 325, A). This increase in an 
arithmetical ratio of the phalanges of the toes, in proceeding 
from the inner to the outer side of the foot, obtains in almost 
all birds, and enables us readily to detect which digit is sup- 
pressed, when the normal four are not all present. Variations 
of different kinds exist, however, in the number and disposi- 
tion of the toes. In many birds — such as the Parrots — the 
outermost toe is turned backwards, so that there are two toes 
in front and two behind, whilst in the Trogons the inner toe is 
turned back with the hallux, and the outermost toe is turned 
forwards. In others, again, the outer toe is normally directed 
forwards, but can be turned backwards at the will of the ani- 
mal. In the Swifts, on the other hand, all four toes are pres- 
ent, but they are all turned forwards. In many cases — 
especially amongst the Natatorial birds — the hallux is wholly 
wanting, or is rudimentary. In the Emeu, Cassowary, Bus- 
tards, and other genera, the hallux is invariably absent, and 
the foot is three-toed. In the Ostrich both the hallux and the 
next toe (“ index ”) are wanting, and the foot consists simply 
of two toes, these being the third and fourth digits. The toes 
are mechanically flexed during the sleep of most birds by tl^ 
action of a special muscle which runs from the pubis outside 
the knee to join one of the flexors of the toes (the flexor digi- 
torum perforatus), and which is therefore put on the stretch 
whenever the leg is bent upon the thigh. 

The digestive system of birds comprises the beak, tongue, 
gullet, stomach, intestines, and cloaca. Teeth are invariably 
wanting in living birds, and the jaws are encased in horn, con- 
stituting the bill. Dental papillae, sometimes covered with a 
cap of dentine, have, however, been observed in the embryos 
of some Parrots. In the extinct Odontopteryx^ moreover, the 
osseous «ubstance of the jaws is prolonged into tooth -like 
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processes of two sizes ; and in the Odontornithes of the Cre- 
taceous period the jaws are furnished with true teeth implanted 
in distinct sockets. The form of the bill varies enormously 
in different birds, and it is employed for holding and tearing 
the prey, for prehensile purposes, for climbing, and in some 
birds as an organ of touch. In these last-mentioned cases the 
bill is more or less soft, and is supplied with filaments of the 
fifth nerve. In many birds, too, in which the bill is not soft, 
the base of the upper mandible is surrounded by a circle of 
naked skin, constituting what is called the ‘‘cere,” and this, 
no doubt, serves also as a tactile organ. 

The tongue of birds can hardly be looked upon as an organ 
of taste, since it is generally cased in horn like the mandibles. 
It is, in fact, principally employed as an organ of prehension ; 
but in some cases — as in the Parrots — it is soft and fleshy, and 
then, doubtless, is to some extent connected with the sense 
of taste. It is essentially composed of a prolongation of the 
hyoid bone (the glosso-hyal), which is sheathed in horn, and 
is variously serrated or fringed. 

Salivary glands are invariably present, but they are rarely 
of large size (they are very large in the Woodpeckers and 
Swifts), and they have often a very simple structure. 

In accordance with the structure of the neck, the gullet in 
birds is usually of great length, and it is generally very dilat- 
able. In the carnivorous, or Raptorial, and in the granivorous 
birds, the gullet (fig. 326, ^7) is dilated into a pouch, which is 
situated at the lower part of the neck, just in front of the 
merry - thought. This is what is known as the “ crop ” or 
“ ingluvies ” (^r), and it may be either a mere dilatation of the 
tube of the gullet, or it may be a single or double pouch. 
The food is detained in the crop for a longer or shorter time, 
according to its nature, before it is subjected to the action of 
the proper digestive organs. The cesophagus, after leaving 
the crop, shortly opens into a second cavity, which is known 
as the “ proventriculus ” or “ventriculus succenturiatus ” (/). 
This is the true digestive cavity, and its mucous membrane 
is richly supplied with gastric follicles which secrete the gastric 
juice. The proventriculus, however, corresponds, not with the 
whole stomach of the Mammals, but only with its cardiac 
portion ; and it opens into a second muscular cavity, which 
corresponds to the pyloric division of the Mammalian stomach. 
The gizzard (^) is situated below the liver, and forms in all 
birds an elongated sac, having two apertures above, of which 
one conducts into the duodenum, or commencement of the 
small intestine, whilst the other communicates with* the pro- 
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ventriculus. The two chief forms of gizzard are exhibited 
respectively by the Raptorial birds, which feed on easily- 
digested animal food, and the Rasores and some of the Naia- 
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Fig. 326.— Digestive System of the common Fowl (after Owen). 0 Gullet: c Crop; 
p Proventriculus ; g Gizzard; sm Small intestine; k Intestinal caeca; I Large in- 
testine ; cl Cloaca. 


tores^ which feed on hardly-digested grains. In the birds of 
Rapine the gizzard scarcely deserves the name, being, as a 
rule, nothing more than a wide membranous cavity with thin 
walls. In the granivorous birds, whose hard food requires 
crushing, the gizzard is enormously developed ; its lining coat 
is formed of a thick, horny epithelium, and its walls are ex- 
tremely thick and muscular. This constitutes a grinding 
apparatus, like the stones of a mill ; whilst the “ crop or 
cesophageal dilatation may be compared to the “ hopper ” of 
a mill, since it supplies to the gizzard “ small successive quan- 
tities of food as it is wanted” (Owen). Supplementing the 
action of the muscular walls of the gizzard, and acting in the 
place of teeth, are the small stones or pebbles, which, as is so 
well known, so many of the granivorous birds are in the habit 
of swallowing with their food, or at other times. In fact, there 
can be no doubt but that the gravel and pebbles svyallowed 
by these •birds are absolutely essential to existence, since the 
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gizzard, without this assistance, is unable properly to triturate 
the food. 

The intestinal canal extends from the gizzard to the cloaca, 
and is, comparatively speaking, short. The secretions of the 
liver and pancreas are poured into the small intestine as in 
Mammals. The commencement of the large intestine is al- 
most always furnished with two long “ caeca*' or blind tubes, 
the length of which varies a good deal in different birds (fig. 
326, k). They are sometimes wanting (Parrots, &c.), or there 
may be only one ; and their exact function is uncertain ; though 
they are most probably connected partly with digestion and 
partly with excretion. The large intestine is always very 
short — seldom more than a tenth part of the length of the 
body — and it terminates in the “cloaca” (fig. 326, d). This 
is a cavity which in all birds receives the termination of the 
rectum, the ducts of the generative organs, and the ureters ; 
and serves, therefore, for the expulsion of the faeces, the gene- 
rative products, and the urinary secretion. 

Respiration is effected in Birds more completely and actively 
than in any other class of the Vertebrata, and as the result of 
this, their average temperature is also higher. This extensive 
development of the respiratory process is conditioned by the 
the fact that, in addition to true lungs, air is admitted into a 
greater or less number of the bones, and into a number of 
cavities — the so-called air-receptacles — which are distributed 
through various parts of the body, and which are present in 
all birds except the Apteryx, By this extensive penetration of 
air into various parts of the body, the aeration of the blood 
is effected not only in the lungs, but also over a greater or less 
extent of the systemic circulation as well ; and hence in Birds 
this process attains its highest perfection. The cavities of the 
thorax and abdomen are not separated from one another by a 
complete partition, the diaphragm being mostly only present 
in a rudimentary form. The lungs are two in number, of a 
bright-red colour, and spongy texture. They are confined to 
the back of the thorax, extending along each side of the spine, 
from the second dorsal vertebra to the kidney. They differ 
from the lungs of the Mammals in not being freely suspended 
in a pleural membrane. The pleura, on the other hand, is 
reflected only over the anterior surface of the lungs. The 
bronchi, or primary divisions of the windpipe (fig. 327), 
diminish in size as they pass through the lung, by giving off 
branches, which, in turn, give off the true air-vesicles of the 
lung. When the bronchial tubes reach the surface of the lung, 
they open, by a series of distinct apertures, into a* series of 
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“ air-sacs.’^ These are a series of membranous sacs formed by 
the continuation of the lining membrane of the bronchi, and 
supported by reflections of the serous membrane of the thora- 
cico-abdominal cavity. There are nine proper air-sacs — two 
abdominal (the only ones present 


in some birds, such as the Pen- 
guin), two in the hinder part of 
the thorax, two in the front part 
of the thorax, two on the sides 
of the neck, and one between the 
branches of the furculum. The 
air-cells not only greatly reduce 
the specific gravity of birds, and 
thus fit them for an aerial life, 
but also assist in the mechanical 
work of respiration, and must also 
greatly promote the aeration of 
the blood. 

In connection with the air-re- 
ceptacles, and as an extension of 
them, is a series of cavities occu- 
pying the interior of a greater or 
less number of the bones, and 
also containing air. In young 
birds these air-cavities do not ex- 
ist, and the bones are filled with 
marrow, as in the Mammals. The 
extent also to which the bones 
are “ pneumatic ” varies greatly in 
different birds. In the Penguin 
— which does not fly — all the 
bones contain marrow, and there 



Fig. 327.-— Lung of Goose (after Owen). 
a Main bronchus dividing into .sec- 
ondary branches as it enters the lung, 
these giving off smaller branches, the 
openings of which are .seen on the 
back of the bronchial tubes : ^ Lris- 

tles passed from the bronchi through 
the ai)ertures on the .surface of the 
iung by which the bronchi communi- 
cate with the air-receptacles. 


are no air-cavities. In the large 

Running birds {Cursores), such as the Ostrich, the bones of 
the leg, pelvis, spine, ribs, skull, and sternum, are pneumatic ; 
but the bones of the wings, with the exception of the scapular 
arch, are without air - cavities, and permanently retain their 
marrow. All birds which fly, with the singular exception of 
the Woodcock, have air admitted to the humerus. In the 
Pelican and Gannet, all the bones of the skeleton, except the 
phalanges of the toes, are penetrated by air ; and in the Horn- 
bill even these are pneumatic. The functions discharged by the 
air-cavities of the bones appear to be much the same as those 
of the air-receptacles — namely, that of diminishing the specific 
gravity of^the body and subserving the aeration of the blood. 
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The hec{rt in all Birds consists of four chambers, two auricles 
and two ventricles. The right auricle and ventricle, constitut- 
ing the right side of the heart, are wholly concerned with the 
pulmonary circulation ; the left auricle and ventricle, forming 
the left side of the heart, are altogether occupied with the 
systemic circulation; and no communication normally exists 
in adult life between the two sides of the heart. In all essen- 
tial details, both as regards the structure of the heart itself 
and the course taken by the circulating fluid. Birds agree with 
Mammals. The venous blood — namely, that which has circu- 
lated through the body — is returned by the venae cavae to the 
right auricle, whence it is poured into the right ventricle. The 
right ventricle propels it through the pulmonary artery to the 
lungs, where it is aerated, and becomes arterial. It is then 
sent back by the pulmonary veins to the left auricle, whence it 
is driven into the left ventricle. Finally, the left ventricle pro- 
pels the aerated blood to all parts of the body through the 
great systemic aorta. 

The chief difference between Birds and Reptiles as regards 
the course of circulation is, that in the Birds the two sides 
of the heart are completely separated from one another, the 
blood sent to the lungs being exclusively venous, whereas that 
which is sent to the body is exclusively arterial. In Reptiles, 
on the other hand, the pulmonary and systemic circulations 
are connected together either in, or in the immediate neigh- 
bourhood of, the heart; so that mixed venous and arterial 
blood is propelled both through the lungs and through every 
part of the body. 

In accordance with their extended respiration and high mus- 
cular activity, the complete separation of the greater and lesser 
circulations, and the perfect structure of the heart. Birds main- 
tain a higher average temperature than is the case with any 
other class of the Vertebrata, This result is also to a consid- 
erable extent conditioned by the non-conducting nature of the 
combined down and feathers which form the integumentary 
covering of Birds. 

The urinary organs of Birds consist of two elongated kid- 
neys, and two ureters, but there is no urinary bladder. The 
ureters open into the cloaca, or into a small urogenital sac 
which communicates with the cloaca. 

As regards the reproductive organs^ the males have two testes 
placed above the upper extremities of the kidneys, and their 
efferent ducts {vasa deferentia) open into the cloaca along- ^ 
side of the ureters. A male organ {penis) may or may not 
be present, but there is no perfect urethra. The female bird 
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is provided with only one ovary and oviduct — that of the 
left side — the corresponding organs of the right side being 
rudimentary or absent. The oviduct is very long and tor* 
tuous, and the egg, during its passage through it, receives 
the albuminous covering which serves for the nutrition of the 
embryo, and which is known as the white ” of the egg. The 
lower portion of the oviduct is dilated, and the egg receives 
here the calcareous covering which constitutes the “shell.” 
Finally, the oviduct debouches into the cloaca, into which the 
egg, when ready, is expelled. The further development of the 
chick is secured by the process of “ incubation ” or brooding, 
for which birds are peculiarly adapted, in consequence of the 
high temperature of their bodies. 

The development of the ovum belongs to physiology, and 
does not concern us here. It is sufficient to notice the means 
by which the chick is ultimately enabled to escape from the 
egg* When development has reached a stage at which ex- 
ternal life is possible, it is of course necessary for the chick 
to be liberated from the egg, the shell of which is often 
extremely hard and resistant. To this end the young bird 
is provided with a little calcareous knob on the point of the 
upper mandible, and by means of this it chips out an aper- 
ture through the shell, at its blunt end. Having effected its 
purpose, this temporary appendage then disappears, without 
leaving a trace behind. 

The state of the young upon exclusion from the egg is very 
different in different cases, and in accordance with this, Birds 
have been divided into the two sections of the Autopha^ or 
Aves prcecoces, and the Heterophagi or Aves altrices. In the 
Autophagi the young bird is able to run about and help itself 
from the moment of liberation from the egg. In the Heiero- 
phagi the young are born in a blind and naked state, unable 
to feed themselves, or even to maintain unassisted the neces- 
sary vital heat. In these birds, therefore, the young require 
to be brooded over and fed by the parents for a longer or 
shorter period after exclusion from the egg. 

As regards their nervous system, the brain of Birds is rela- 
tively larger, especially as regards the size of the cerebrum 
proper, than the brain of Reptiles, but the chief mass of the 
latter consists of the corpora striata, and it does not cover 
the cerebellum. The cerebellum is less ' developed than in 
Mammals, the lateral lobes and Pons Varolii being rudiment- 
ary. The corpus callosum is absent, and the surface of the 
cerebral hemispheres is devoid of convolutions. 

As regirds the organs of the senses^ the eyes are always well 
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developed, and in no bird are they ever rudimentary or absent. 
The chief peculiarity of the eye is that the cornea forms a 
segment of a much smaller sphere than does the eyeball pro- 
per, so that the anterior part of the eye is obtusely conical, 
whilst the posterior portion is spheroidal. Another peculiarity 
is that the form of the eye is maintained by a ring of from 
thirteen to twenty bony plates, which are placed in the anterior 
portion of the sclerotic coat. Eyelashes are almost universally 
absent ; but in addition to the ordinary upper and lower eye- 
lids, Birds possess a third membranous eyelid — the “ membrana 
nictitans ” — which is sometimes pearly-white, sometimes more 
or less transparent.* This third eyelid is placed on the inner 
side of the eye, and possesses a special muscular apparatus, by 
which it can be drawn over the anterior surface of the eye, like 
a curtain, moderating the intensity of the light. As to the 
organ of hearing, most birds possess no external ear or concha, 
by which sounds can be collected and transmitted to the 
internal ear. In some birds, however, as in the Ostrich and 
Bustard, the external meatus auditorius is surrounded by a 
circle of feathers, which can be raised and depressed at will. 
The Nocturnal Birds, also, especially Owls, have the external 
meatus auditorius protected by a musculo-membranous valve, 
which foreshadows the cartilaginous concha of the majority of 
Mammals. The external nostrils in Birds are usually placed 
on the sides of the upper mandible, near its base, in the form 
of simple perforations, which sometimes communicate from 
side to side by the deficiency of the septum narium. In the 
singular Apteryx of New Zealand, the nostrils are placed at the 
extreme end or tip of the elongated upper mandible. Some- 
times the nostrils are defended by bristles, and sometimes by 
a scale i^Rasores\ Taste must be absent, or almost absent, in 
the great majority of birds, the tongue being nothing more than 
a horny sheath surrounding a process of the hyoid bone, and 
serving for deglutition or to seize the prey. In the Parrots, 
however, the tongue is thick and fleshy, and some j^erception 
of taste may be present. Touch or tactile sensibility, too, as 
already remarked, is very poorly developed in Birds. The 
body is entirely, or almost entirely, covered with feathers ; the 
anterior limbs are converted into wings, and rendered thereby 

* Thfe membrana nictitans is simply a fold of the conjunctiva on the 
inner side of the eye. It occurs in some Fishes some Sharks), in 
some Reptiles and Amphibians, in Birds, in Monotremes and Marsupials, 
and in some of the higher Mammals. In Man, however, in Monkeys, 
and in most of the higher Mammals, it is rudimentary, and cor^stitutes the 
so-called “plica semilunaris.” 
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useless as organs of touch ; arid the posterior limbs are covered 
with horny scales or feathers. The bill, certainly, officiates as 
an organ of touch, but it cannot possess any acute sensibility, 
as in most birds it is encased in a rigid horny sheath. In 
some birds, however, such as the common Duck, the texture 
of the bill is moderately soft, and it is richly supplied with 
filaments of the fifth nerve; so that in these cases the bill 
doubtless constitutes a tolerably efficient tactile organ. The 
‘‘ cere,’* too, or the fleshy scale found at the base of the bill in 
some birds, is in all probability also used as a tactile organ. 

The last anatomical peculiarity of Birds which requires 
notice is the peculiar apparatus known as the “ inferior larynx,” 
or “ syrinx,” by which the song of the singing birds is con- 
ditioned. “The air-passages of birds commence by a simple 
superior larynx^ from which a long trachea extends to the an- 
terior aperture of the thorax, where it divides into the two 
bronchi^ one for each lung. At the place of its division, there 
exists in most birds a complicated mechanism of bones and 
cartilages, moved by appropriate muscles, and constituting the 
true organ of voice ; this part is termed the inferior larynx ” 
(Owen). The inferior larynx may ' be developed from the 
trachea only, before the division of this tube into the bronchi ; 
or, it may be developed wholly from the bronchi ; or, last- 
ly, and more commonly, it may be developed at the junction 
of the trachea and bronchi and out of both. The structure 
of the vocal apparatus is extremely complicated, and there is 
no necessity for entering upon it here. It is to be remem- 
bered, however, that those modifications of the voice which 
constitute the song of birds, are produced in a special and 
complex cavity placed at, or near, the point where the trachea 
divides into the two bronchi, and not in a true larynx situated 
at the summit of the windpipe. The syrinx is wanting in a 
few birds the Ratitce). Lastly, the trachea of birds is 

always of considerable proportionate length, and it is often 
twisted or dilated at intervals, this structure, doubtless, having 
something to do with the production of vocal sounds. 

Before passing on to the consideration of the divisions of 
Birds, a few words may be said as to the migration of birds. 
In temperate and cold climates comparatively few birds remain 
constantly in the same region in which they were hatched. 
Those which do so remain, are called “ permanent birds ” {aves 
manentes). Other birds, such as the Woodpeckers, wander 
about from place to place, without having any fixed direction. 
These are called “wandering birds” {aves erraticce), and their 
irregular movements are chiefly conditioned by the scarcity or 
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abundance of food in any particular locality. Other birds, 
however, at certain seasons of the year undertake long jour- 
neys, usually uniting for this purpose into large flocks. These 
birds — such as the swallows, for instance — are properly called 
‘‘ migratory birds ” (aves migratorioi). The movements of 
these birds are conditioned by the necessity of having a cer- 
tain mean temperature, and consequently they leave the cold 
regions at the approach of winter, and return again for the 
warmer season. 

Distribution of Birds in Time. — As regards the geolo- 
gical distribution of Birds, there are many reasons why we 
should be cautious in reasoning upon merely negative evi- 
dence, and more than ordinarily careful not to infer the non- 
existence of birds during any particular geological epoch, 
simply because we can find no positive evidence for their 
presence. As Sir Charles Lyell has well remarked, “the 
powers of flight possessed by most birds would insure them 
against perishing by numerous casualties to which quadrupeds 
are exposed during floods;” and “if they chance to be 
drowned, or to die when swimming on water, it will scarcely 
ever happen that they will be submerged so as to become pre- 
served in sedimentary deposits,” since, from the lightness of 
the bones, the carcass would remain long afloat, and would 
be liable to be devoured by predaceous animals. As, with a 
few utterly trivial exceptions, all the deposits in which fossils 
are found have been laid down in water, and more especially 
as they are for the most part marine, these considerations put 
forward by Sir Charles Lyell afford obvious ground against the 
anticipation that the remains of Birds should be either of 
frequent occurrence or of a perfect character in any of the 
fossiliferous rocks. In accordance with these considerations, 
as a matter of fact, most of the known remains of birds are 
either fragmentary or belong to forms which were organised to 
live a terrestrial life, and were not adapted for flight. 

The earliest remains which have been generally referred to 
birds are in the form of footprints (fig. 328) impressed upon 
certain sandstones in the valley of the Connecticut River in 
the United States. These sandstones are almost certainly 
Triassic ; and if the ornithic character of these footprints be 
admitted, then Birds date their existence from the commence- 
ment of the Mesozoic period, and, for anything we know to 
the contrary, may have existed during the Palaeozoic epoch. 
In the fact that these footprints are three-toed, and are cer- 
tainly the tracks of bipedal animals, we have strong evidence 
that they were prdduced by birds. On the other hand, it is 
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certain that some of the Deinosaurian Reptiles of the Triassic 
])eriod walked on their hind-legs only, and it is highly probable 
that they were the real authors of the prints in question. If 



Fig. 3^8.— Footprint supposed to belong to a Bird. Triassic Sandstones 
of Connecticut. 


truly ornithic, we must admit the existence in the Triassic 
period of a considerable number of kinds of Birds, some of 
which must have been of colossal dimensions, but this question 
does not admit of final settlement at present. 

The first unmistakable remains of a bird have been found 
in the Solenhofen Slates of Bavaria, of the age of the Upper 
Oolites. A single unique specimen, consisting of bones and 
feathers, but unfortunately without the skull, is all that has 
until recently been discovered; and it has been named the 
ArchcEQpteryx ftiacrura. The characters of this singular and 
aberrant bird, which alone constitutes the order Saururce^ will 
be given in treating of the order. 

In the Cretaceous rocks, not only do we find the remains 
of Birds of the type now existing, but we meet with the ex- 
traordinary ‘‘Toothed Birds” which seem not 

to have survived this period, and which will be spoken of in 
greater detail later on. Lastly, almost all the existing orders 
of Birds are represented by the time we reach the middle of 
the Tertiary period, and the distribution and characters of the 
more important fossil forms will be treated of in discussing 
the several orders in question. 
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CHAPTER LXIV. 

DIVISIONS OF BIRDS. 

I. General Divisions- of Aves. 2. Cursores. 

Owing to the extreme compactness and homogeneity of the 
entire class Aves, conditioned mainly by their adaptation to an 
aerial mode of life, the subject of their classification has been 
one of the greatest difficulties of the systematic zoologist. 

By Professor Huxley the birds are divided into the following 
three orders : — 

1. Saurur.®. — In this order the caudal vertebrae are nume- 
rous, and there is no ploughshare- bone. The tail is longer 
than the body, and the metacarpal bones are not anchylosed 
together. This order includes only the single extinct bird the 
Archceopteryx macrura, in which the long lizarddike tail is only 
the most striking of several abnormalities. 

2. Ratit^e. — This order comprises the Running birds, 
which cannot fly, such as the Ostriches, Fkneus, and Casso- 
waries. It is characterised by the fact that the sternum has 
no median ridge or keel for the attachment of the great pec- 
toral muscles. The sternum is therefore raft -like (from the 
Lat. rates, a raft), hence the name of the order. 

3. Carinate. — This comprises all the living Flying birds, 
and is characterised by the fact that the sternum is furnished 
with a prominent median ridge or keel {canna)-, hence the 
name of the order. The numerous subdivisions of this order 
are mainly founded upon the structure of the palate. 

As regards the above primary divisions of Birds, there can 
be no doubt as to their being very natural sections. A fourth 
division, of equal rank, must now be added for the extinct 
Odontornithes, and all four divisions may be best considered 
as sub classes, and not as mere orders* No difficulty, also, is 
to be found in subdividing the Ratitce, Saurnree, and Odon- 
tornithes ; but there is the greatest difficulty in establishing 
natural subdivisions amongst the great sub-class of the Cari- 
natce, since this includes by far the greater number of known 
birds. The classification of this group proposed by Professor 
Huxley (like that of Mr Garrod), descending, as it does, to a 
great number of secondary groups, is not only too compli- 

* If this view be taken, it will be advisable to give the name of Sauvor- 
nithes to the sub-class, and to reserve the title of Saurune for the order. 
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cated to be available tor the general student, and therefore to 
be useful in a work of the present nature ; but it is intended 
primarily for the anatomist, and not for the systematic zoolo- 
gist. I'he latter requires a classification based upon all the 
characters, internal and external ; whereas the morphological 
method of arrangement selects simply single structures in the 
anatomy of the bird, and fixes -its place by means of these. 
Thus, Prof. Huxley founds his classification of the Carinafm 
upon the structure of the bony palate. This method of classi- 
fication, however, though of the greatest use to the compara- 
tive anatomist, cannot be made to coincide with any purely 
zoological mode of arrangement. It has, therefore, seemed 
preferable for the purpose of the present work to adhere, with 
some modifications, to the old classification of Birds, which is 
to be found, in one form or another, in almost all the standard 
works on ornithology. In using, however, the six old orders 
of this system, with their familiar and long current names, the 
student must remember that they bear very unequal values. 
Some of them — such as the Natatores^ Gmllatores^ Rasores^ 
and Rajyfores — are essentially natural groups, and cannot be 
seriously mutilated in any system of classification. The order 
Insessores is also, in the main, a natural one, though it in- 
cludes groups which can only be artificially connected with it. 
On the other hand, the order Scan sores is a conspicuously 
unnatural one, and is retained here simply as a matter of 
convenience. 


Sun-ci.Ass I. Ratita?. 

Order Cursores. — The first order of Birds is that of 
the Cursores^ or Runners, comprising the Ostriches, Rheas, 
Cassowaries, Emeus, and the singular Apteryx of New Zealand. 
The Cursores are characterised by the rudifnentary condition of 
the wings ^ 7vhich are so short as . to be useless for flighty and by 
the compensating length and strength of the legs. In accordance 
with this condition of the limbs, many of the bones retain 
their marrow, and the sternum (fig. 329 , A) is destitute of the 
pivminent ridge or keely to which the great pectoral muscles are 
attached (hence the name of Ratitce, applied by Huxley to the 
order). In the Ostrich, the pubic bones of the pelvis unite to 
form a symphysis pubis, as they do in no other bird ; and in 
all, the pelvic arch possesses unusual strength and stability. 
The legs are extre77tely robust and powerful^ a7id the hhid-toe is 
€7tti7'ely luanthig, except in the Apteryx, iti which it is rudvnen- 
ta7y. The anterior toes are two or three in number, and are 
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provided with strong blunt claws or nails. The plumage pre- 
sents the rejnarkable peculiarity that the barbs of the feathers^ 
instead of being con?tected to one another by hooked barbules^ as is 
usually the case^ are remote and disconnected from 07 ie another^ 
presenting some resemblance to hairs. 

The order Cursores may be divided into the two sections of 
the Siruthionidce and the Apterygidce — the former characterised 
by the absence of the hallux, and comprising the Ostrich, 
Rhea, Emeu, and Cassowary, with several extinct forms ; the 
latter comprising only the Apteryx of New Zealand, and char- 
acterised by the possession of a rudimentary hallux. 

The African Ostrich {Struthio camelus) occurs in the desert 
plains of Africa and Arabia, and is the largest of all living 
birds, attaining a height from six to eight feet. The South 
African Ostrich is often considered as a distinct species, under 
the name of S, australis. The head and neck are nearly 
naked, and the quill-feathers of the wings and tail have their 
barbs wholly disconnected, constituting the ostrich-plumes of 
commerce. The legs are extremely strong, and are terminated 
by two toes only, these consisting respectively of four and five 
phalanges, showing that it is the hallux and the innermost toe 
which are wanting. The internal one of the two toes is much 
the larger, and is clawed ; the outer toe is small and clawless. 
The pubic bones (fig. 329, B) are united in a ventral sym- 
physis, and the wing is furnished with a long humerus. The 
Ostriches run with extraordinary speed, and can outstrip the 
fastest horse. They are polygamous, each male consorting 
with several females, and they generally keep together in 
larger or smaller flocks. The eggs are of great size, averaging 
three pounds eacli in weight; and the hens lay their eggs in 
the same nest, this being nothing more than a hole scratched 
in the sand. The eggs appear to be hatched mainly by the 
exertions of both parents, relieving each other in the task of 
incubation, but also partly by the heat of the sun.’^ 

The American Ostriches or Rheas are much smaller than 
the African Ostrich, and have the head feathered, whilst the 
feet (fig. 329, E) are furnished with three toes each. The wings 
are rudimentary, and the phalanges are plumed and terminated 
by a spur. They inhabit the great plains of South America, 
and are polygamous. Three species are known, extending 
from Patagonia to Peru, but each inhabiting its own specific 
area. , 

The Emeu {Dromaius Novce-Hollandice) is exclusively found 

* Mr Sclater, however, states that the duty of incubation is entirely taken 
by the males. 
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in the Australian continent, and nearly equals the African 
Ostrich in size, attaining a height of from five to seven feet. 
The feet are furnished. with three toes each, and the head is 



329. “Morphology of Cursoros. A, Sternum of the Ostrich ^Striithw camelus) : .v 
Scapula ; c Coracoid. Ji, Side view of the pelvis of the Ostrich : i Ilium : p Pubis; 
is Ischium ; y Femur. C, Foot of Apteryx nnstralis. I), Tarso-rnetatarsus of the 
Apteryx, showing the hallux placed high up on its posterior surface. E, Foot of 
the Jv/iea americann. 


feathered. The throat, however, is naked, and tlic general 
plumage resembles long hairs, the feathers hanging down on 
both sides of the body from a central line or parting which 
runs down the middle of the back. The Emeus are mono- 
gamous, and the eggs are dark green in colour. The male 
Emeu is smaller than the female, and undertakes all the duties 
of incubation. Two varieties, or species, of the Emeu are 
known — one on the eastern and the other on the western side 
of Australia. 

The last living group of the StruthionidtE is that of the Cas- 
sowaries, best represented by the Galeated Cassowary 
ariits galeafns)^ which inhabits the Moluccan Islands and New 
Guinea, and was first brought alive to Europe by the Dutch. 
It stands about five feet in height, and possesses a singular 
horny crest upon its head. The head and neck are naked, 
with pendent wattles, the wing has a short humerus, and the 
feet have three toes each. The general plumage is black, and 
the feathers more or less closely resemble hairs. The wings 
are rudimentary, each with five naked pointed quills. The 
male is much the smaller, and sits upon the eggs.’ Besides 
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the Galeated Cassowary, other species have been described 
from the Malayan Archipelago and North Australia, at least 
nine species being now known to exist in all. 

The second section of the Cursorial birds is that of the Ap- 
terygida, comprising only the singular “ Kiwis (Apteryx) of 
New Zealand. The beak in the Apteryx is long, slender, and 
slightly curved, the tip being obtuse, and the nostrils placed 
at the extremity of the upper mandible. The legs are com- 
paratively short, and there is a rudimentary hind-toe or hallux, 
forming a kind of spur, furnished with a claw (fig. 329, C and 
D). The wings are entirely rudimentary, and are quite con- 
cealed by the feathers, each terminating in a sharp claw. The 
feathers are long and narrow, and the tail is short and incon- 
spicuous. I'he species of Apteryx are wholly confined to New 
Zealand, and are nocturnal in their habits, living upon insects 
and worms. Four species have been described, of which A. 
australis (fig. 330) is the best known. 

As regards the distribution of the Cursores in tune^ it seems 



Fig. 330 . — Apteryx australis. (Gould.) 


probable that some of the footprints of the Connecticut Trias 
(if ornithic at all) have been produced by birds belonging to 
this group. Leaving these doubtful instances out of sight, the 
Eocene Tertiary has yielded the first certain traces of Cursorial 
birds (the Dasoruis of the London Clay). The most fnteresting 
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remains of Ctirsores have, however, been found in the Post- 
Tertiary deposits of the southern hemisphere, and more espe- 
cially ill New Zealand. In this island have been found the 
remains of a number of large wingless birds, which form the 
family of the Dinornithidce^ of which Dinornis (fig. 331) itself 
is the most important genus. All the members of this group 
{Dinornis^ Palapteryx^ &c.) are large Cursorial birds, the wings 
being useless for flight, and furnished with a rudimentary hume- 



331- — Skeleton of DiKortih clefhantflpus^ greatly reduced. Post-Pliocene. 
New Zealand. (After Owen.) 


rus. The hallux is wanting {Dinornis) or present {Palapieryx). 
The largest species is the Dinornis giganteus, one of the most 
gigantic of living or fossil birds, the tibia measuring a yard in 
length, and the total height being at least ten feet. Another 
species, •the Dinornis elephantopus (fig. 331), though not Stand- 
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ing more than about six feet in height, was of an even more 
ponderous construction — “ the framework of the skeleton being 
the most massive of any in the whole class of Birds,’* whilst 
“the toe-bones almost rival those of the Elephant** (Owen). 
The feet in Dinomis were furnished with three toes, and are of 
interest as presenting us with an undoubted bird big enough 
to produce the largest of the footprints of the Triassic Sand- 
stones of Connecticut. New Zealand has now been so far 
explored, that it seems questionable if it can retain in its re- 
cesses any living example of Dinorms; but it is certain that 
species of this genus were alive during the human period, and 
survived up to quite a recent date. Not only are the bones 
very numerous in certain localities, but they are found in the 
most recent and superficial deposits, and they still contain a 
considerable proportion of animal matter ; whilst in some in- 
stances bones have been found with the feathers attached, or 
with the horny skin of the legs still adhering to them. Charred 
bones have been found in connection with native “ ovens ; ** 
and the traditions of the Maories contain circumstantial accounts 
of gigantic wingless Birds, the “ Moas,** which were hunted both 
for their flesh and their plumage. 

In Madagascar, bones have been discovered of a bird as 
large as, or larger than, the Dinomis giganteus, w^hich has been 
described under the name of the yEpior?iis maximus. With 
the bones have been found eggs measuring from thirteen to 
fourteen inches in diameter, and computed to be as big as 
three ostrich-eggs, or one hundred and forty-eight hen’s eggs. 
Though generally referred to the Ct^'sores, Aipiornis has been 
sometimes regarded as a gigantic member of the Raptores, 

Lastly, the Post-tertiary deposits of Australia have yielded 
the remains of an extinct Struthious bird allied to the Emeu, 
which has been described under the name of Dromceornis, 


CHAPTER LXV. 

SUB-CLASS IT. CARINAT/E. 

Natatores, Grallatores, and Rasores. 

Order I. Natatores {Pahtipedes). — The order of the 
Natatores^ or Swimmers, comprises a number of Birds which 
are as much or even more at home in the water thAn upon 
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the land. In accordance with their aquatic habit of life, 
the Natatores have a hoaUshaped body^ 7 isually with a long neck. 
The legs are short, and placed behind the cmtre of gravity of the 
body, this position enabling them to act admirably as paddles, at 
the same time that it renders the gait upon dry land more or less 
arakward and shuffling. In all cases the toes are ebbed'' or 
7 wited by fnembrane to a greater or less extent (fig. 332, A). 



332. — Natatores. A, ^oot o( Cotmonaui {Phahjcroco fax); B, Beak of the 
Bean-goose {A user segetum). 


In many instances the membrane or web is stretched com- 
pletely from toe to toe, but in others the web is divided or 
split up between the toes, so that the toes are fringed with 
membranous borders, but the feet are only imperfectly webbed. 
As their aquatic mode of life exposes them to great reductions 
of temperature, the body of the Natatorial birds is closely 
covered with feathers, and with a thick coating of down next 
the skin. They are, further, prevented from becoming wet in 
the water by the great development of the coccygeal oil-gland, 
by means of which the lustrous plumage is kept constantly 
lubricated and waterproof. They arc usually polygamous, each 
male consorting with several females; and the young are 
hatched in a condition not requiring any special assistance 
from the parents, being able to swim and procure food for 
themselves from the moment they are liberated from the egg. 

The Natatores are divided into the following four families : — 

Fam. I. Breidpennatcc, — In this family of the Swimming 
birds the wings are always short, and are sometimes useless as 
organs of flight, the tail is very short, and the legs are placed 
very far back, so as to render terrestrial progression very 
difflcult or awkward. The family includes the Penguins, Auks, 
Guillemots, Divers, and Grebes. In the Penguins (Spheniscidce) 
the wings are completely rudimentary, without quills, and 
covered with a scaly skin. They are useless as far as flight is 



6o2 


MANUAL OF ZOOLOGY. 


concerned, but they are employed by the bird as fins, enabling 
it to swim under water with great facility, and they are also 
used on the land as fore-legs. The feet are webbed, and the 
hinder toe is rudimentary or wanting. The Penguins live 
gregariously in the seas ©f the southern hemisphere, on the 
coasts of South Africa and South America, especially at Tierra 
del Fuego, and in the solitary islands of the South Pacific. 
When on land the Penguins* stand bolt upright, and as they 



333. — Jackass Penguin {Sp/temsetis tientersus). 


usually stand on the shore in long lines they are said to present 
a most singular appearance. The best-known species are the 
Jackass Penguin {Spheniscus demersus) of the Falkland Islands, 
and the King Penguin (Aptenodyfes Paiagonied) of the Straits 
of Magalhaens. Some Penguins have the extraordinary habit 
of forming no nest, but of carrying their egg about with them 
in a temporary pouch of the a]3clominal integument. In the 
Auks {Alcidm) the wings are better developed than in the‘ 
Penguins, and they contain true quill-feathers ; buf^' they are 
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Still short as compared with the size of the body, and are of 
more use as fins than for flight. 'I'he Great Auk or Gare-fowl 
(ji/ca impennis) is remarkable for being one of the birds which 
appear to have become entirely extinct within the human 
period, having been, rn fact, destroyed by man himself. It 
abounded at one time on both the American and European 
sides of the North Atlantic, and used to visit the shores of 
Scotland in summer for the purpose of breeding. The Little 
Auk {Mergiiius alle) occurs still in abundance in the seas of 
northern regions. Other well-known members of this group 
are the Razor-bill, the Puffins {Fratercuhi arctica)^ and the 
Guillemots {Uria), The Guillemots have a short tail, narrow 
and pointed wings, short feet, and no hallux. Like the other 
members of the family they inhabit northern and polar regions. 

In the Divers i^ColymbidcE)^ comprising the true Divers and 
the Grebes, the power of flight is pretty well developed, but 
the bird still is much more active in the \vater, swimming or 
diving, than on land. The Grebes are not uncommon in 
Britain, and are largely killed for making muffs, collars, and 
other articles of winter dress. They have the membrane 
between the toes deeply incised. They haunt the sea as well 
as lakes and rivers, and swim and dive admirably. In the 
Divers proper the front toes are completely united by a mem- 
brane. The Northern Diver or Loon [Colymbus glacialis) is 
a familiar example, and is found on the coasts of higli northern 
latitudes. 

Fam, 2. Lojigipcnnatcc, — This family of Natatores is charac- 
terised by the well-developed wings, the pointed, sometimes 
knife-like, sometimes hooked bill, and by never having the 
hallux united with the anterior toes by a membrane. The 
following are the more important groups coming under this 
head : — 

a, Laridcs, or Gulls and Terns, having powerful wings, a free 
hinder toe, and the three anterior toes united by a membrane. 
The Gulls form an exceedingly large and widely distributed 
group of birds ; and the Terns or Sea-swallows are equally 
beautiful, if not quite so common. The Terns ore distin- 
guished by their long and pointed wings, forked tail, and 
comparatively short legs. They fly with great rapidity over 
the surface of the sea, from which they pick up their food. 

b, ProceilaridcB, or Petrels, closely resembling the true Gulls, 
but having a rudimentary hinder toe, and having the upper 
mandible strongly hooked. The smaller species of Petrel are 
well known to all sailors under the name of Stornirbirds and 
Mother tarey’s Chickens. They are nocturnal or crepuscular 
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in their habits, breed in holes in the rocks, lay but one egg, 
and are almost all of small size and more or less sombre 
plumage. The largest member of the group is the gigantic 
Albatross (Diomedea exulans)^ not uncommonly found far from 
land in both the northern and southern oceans. The Albatross 
sometimes measures as much as fifteen feet from the tip of 
one wing to that of the other, and the flight is powerful in 
proportion. 

Fatn, 3. Totipaimaice, characterised by having the hinder 
toe or hallux more or less directed inwards, and united to the 
innermost of the anterior toes by a membrane (fig. 332, A). 
In this fiimily are the Pelicans, Cormorants, Gannets, Frigate- 
birds, Darters, and others. They all fly well, and have short 
legs, and amongst them are almost the only Natatorial Birds 
which ever perch upon trees. 

The Pelicans {Pelicanidce) are large birds, which subsist on 
fish, and are found in Europe, Asia, Africa, and the New 
World. They sometimes measure as much as from ten to 
fifteen feet between the tips of the wings, and most of the 
bones are pneumatic, so that the skeleton is extremely light. 
The lower mandible is composed of two flexible branches 
which serve for the support of a large gular pouch, formed 
by the loose unfeathered .skin of the neck. The fish captured 
by the bird are temporarily deposited in this pouch, and the 
parent birds feed their young out of it. The bill is long and 
straight, and the upper mandible is strongly hooked at the tip. 

In the Cormorants (Phalacrocorax) there is no pouch be- 
neath the lower mandible, but the skin of the throat is very 
lax and distensible; the nail of the middle toe is serrated. 
They are widely distributed over the world, one species being 
very abundant in many parts of Europe. The Gannets {Sida) 
have a compressed bill, the margins of which are finely crenate 
or toothed. They occur abundantly on many parts of the 
coasts of northern Europe, one of the most noted of their 
stations being the Bass Rock at the mouth of the Firth of 
Forth. Another species {Sula varkgata) is of greater import- 
ance to man, as being one of the birds from the accumulated 
droppings of which guano is derived. The Frigate-birds 
{Tachypetes) are chiefly remarkable for their extraordinary 
powers of flight, conditioned by their enormously long and 
powerful wings and long forked tail. 'Fhey occur on the coasts 
of tropical America, and are often found at immense distances 
from any land. The Tropic -birds {Phaeton) inhabit inter- 
tropical regions, and are found far out at sea. They have 
short feeble feet, and long pointed wings. 
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The Darters or Snake-birds {Plotus) are somewhat aberrant 
members of this group, characterised by their elongated necks 
and long pointed bills. They occur in America, Africa, and 
Australia, and catch fish by suddenly darting upon them from 
above. 

Fa^n, 4. Lamellirostres, — I'he last family of the Natatores 
is that of the Lamcllirostres^ including the Ducks, Geese, 
Swans, and Flamingoes, and characterised by the form of 
the beak (figs. 332 and 334), which is flattened in form and 



Kig. 334. — A, Head of the Grey Lag Goose ; li, Foot of the domestic Goose. 


covered with a soft skin. The edges of the bill are further 
furnished with a series of transverse plates or lamellce, which 
form a kind of fringe or “ strainer,” by means of which these 
birds sift the mud in which they habitually seek their food. 
The bill is richly supplied with filaments of the fifth nerve, and 
doubtless serves as an efficient organ of touch. The feet are 
furnished with four toes, of which three are turned forwards, 
and are webbed, w’^hilst the fourth is turned backwards, and is 
free. The trachea in the males is often enlarged or twisted in 
its lower part, and co-operates in the production of the pecu- 
liar clanging note of most of these birds. The body is heavy, 
and the wings only moderately developed. 

The groups of the Ducks {Anatidcd\ Geese (Anserin(e), and 
Swans (Cygnida), are too familiar to require much special notice. 
The Anatidce^ or true Ducks, have the hallux furnished with a 
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very narrow membranous lobe, and the laminae of the upper 
mandible generally projecting. As examples may be taken 
the Mallards and Teals {Bosc/ias\ the Widgeons {Mareca)y the 
Shoveller {Anas), and the Pin tail Ducks {Dafila), The Sea- 
ducks {Fnligulincc) frequent the sea chiefly, and have the hallux 
furnished with a wide membranous lobe. Good examples 
are the Eider-duck {Somaterid), the Surf-duck {Oide?nia), the 
Canvass-back Duck and Pochard {Fuligula), and the Golden- 
eye {Clanguia). 

The Anscrince are distinguished from the Ducks chiefly 
by their stronger and longer legs, and comparatively shorter 
wings. Good examples are the Grey Lag {A user ferns), the 
Canada Goose {A, ca?iadensis), the Bean-goose {A, segetum), 
and the Snow-goose {A. hyperhoreus). All the domesticated 
varieties of Geese appear to be undoubtedly descended from 
the Grey Lag ” Goose, a common wild species which is found 
in marshy districts in Europe generally, in Northern Africa, 
and as far east as Persia. 

In the Swans the neck is extremely long, and the legs are 
short. In the Hooper Swan {Cygnus ferns) the sternal keel is 
double, and forms a cavity for the reception of a convoluted 
portion of the trachea. This is not the case, however, with 
the Mute Swan (C. olor), the Black Swan (C. atratus), or the 
Trumpeter Swan {C buccinator), all well known members of 
the group. 

The Flamingoes, however, forming the group of the Phmiicop- 
teridce, require some notice, if only for the fact that the legs arc 
so long and slender that they have often been placed in the 
order Grallatores on this account. The three anterior toes, 
however, are webbed or completely united by membrane, and 
the bill is lamellate, so that there can be little hesitation in 
leaving the Flamingo in its present position amongst the Nata- 
tores. The bill is singularly bent, both mandibles being sud- 
denly curved downwards from the middle. The common 
Flamingo {Phxnicopterus ruber) occurs abundantly in various 
parts of southern Europe. It stands between three and four 
feet in height, the general plumage being rose-coloured, the 
wing-coverts red, and the quill-feathers of the wings black. 
The tongue is fleshy, and one of the extravagances of the 
Romans during the later period of the Empire was to have 
dishes composed solely of Flamingoes’ tongues. Other species 
occtir in South America and Africa. 

As regards the distribution of the Natatores in thne, the 
earliest traces of the order are found in the Cretaceous rocks. 
In deposits of this age in the United States, Professor Marsh 
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has exhumed the bones of several forms (Graculavus and 
Laornis) \ and other forms {Cimoiomis) have been described 
from the Cretaceous ^ of Europe. In the Eocene Tertiary are 
found several Natatorial birds, the most interesting of which 
are the Gastornis Parisiensis and Agnopterus of the Paris 
basin, the former being apparently a huge and wingless goose, 
whilst the latter is allied to the Flamingoes. Under this order 
also probably comes the extraordinary fossil bird, recently 
described by Professor Owen, from the London Clay (Eocene) 
of Sheppey under the name of Odontopieryx ioUapictis, In 
this singular bird (fig. 335) the alveolar margins of both jaws 
are furnished with tooth-like denticulations, which differ from 
true teeth in being actually parts of the osseous substance of 
the jaw itself, with which they are continuous. They are of 
triangular or compressed conical form, and are of two sizes, 
the larger ones resembling canines. From the consideration 
of all the discovered remains of this bird, Professor Owen con- 



Fig. 335. — Skull of Odontopteryx toliapuus^ restored. (After Owen.) 


eludes that ^^Odontopieryx was a warm-blooded feathered 
biped, with wings; and further, that it was web-footed and 
a fish-eater, and that in the catching of its slippery prey it 
was assisted by this Pterosauroid armature of its jaws.’^ Upon 
the whole, Odontopieryx would appear to be most nearly 
allied to the Anatidce. but the denticulation of its jaws is an 
entirely unique character. 

Leaving the Eocene, the Miocene and later Tertiary de 
posits have yielded the remains of numerous Swimming Birds, 
as has also the Post-tertiary ; but no special interest attaches 
to any of these, unless the great Cnemiornis of the Quaternary 
of New Zealand be rightly referred here, since this has the 
peculiarity of having been unable to fly. 

Order II. Grallatores, — The birds comprising the order 
of the Grallatores^ or Waders, for the most part frequent the 
banks ofc rivers and lakes, the shores of estuaries, marshes, 
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lagoons, and shallow pools, though some of them keep almost 
exclusively to dry land, preferring, however, moist and damp 
situations. In accordance with their semi-aquatic amphibious 
habits, the Waders are distinguished by the great length of their 
legs ; the increase in length being mainly due to t/iQ great elon- 
gation of the tarso-metatarsus. The legs are also mt feathered 
from the lower end of the tibia downwards. The toes are elon- 
gated and straight (fig. 336, A), atid are never completely palmate ^ 
though sometimes semipalmate. There are three anterior toeSy 
and usually a short heilltiXy but the latter may be ivanting. The 
wings are long, and the power of flight usually considerable ; 
but the tail is short, and the long legs are stretched out behind 
in flight to compensate for the brevity of the tail. The body 
is generally slender, and the neck and beak usually of con- 
siderable length (fig. 336, B). They are sometimes polygam- 



** 336. — Grallatores. A, Leg and foot of the Curlew ; B, Head of Snipe ; 

C, lieak of the Avocet. 

ous, sometimes monogamous, and the young of the former 
are able to run about as soon as they are hatched. 

The most typical Waders — those, namely, which are semi- 
aquatic in their habits — spend most of their time wading about 
in shallow waters or marshes, feeding upon small fishes, worms, 
shell-fish, or insects. Others, such as the Storks, live mostly 
upon the land, and are more or less exclusively vegetable- 
feeders. 

^he Grallatores are divided into the four families of the 
Macrodactyliy the Cultirostres, the Longirostresy and the Pressi- 
rostres, 

Fam. I. MacrodactylL — In this family the feet are»furnished 
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with four elongated, sometimes lobate, toes, and the wings are 
of moderate or less than average size. In many of their char- 
acters a considerable number of the birds of this family ap- 
I)roach the Rasorial birds, and differ from the true Waders. 
The beak is mostly short, rarely longer than the head, and is 
compressed from side to side, or wedge-shaped. The legs are 
strong and not particularly lengthy ; but the toes are often of 
great length, and are furnished with long claws. The neck is 
not very long, and the tail is very short. Some of them are 
strictly aquatic in their hal)its, and, like the Coots, approach 
in many respects to the Natatores; others, again, are exclusively 
terrestrial. The most familiar members of this family are the 
Rails {Rallus)^ Water-hens {Gallwula), the Coots {Fitlica)^ 
and the Jacana (Parra jacana). The Water-hens and Coots 
are aquatic or semi-aquatic, swimming and diving with great 
ease. In the Coots the toes are semi-palmate, being bordered 
by membranous lobes, like the toes of the Grebes, but the 
toes are not fringed in the Gallinules. Amongst the Coots 
should probably be placed the Notornis (Owen), long supposed 
to be extinct, but recently proved to be still living in the 
Middle Island of New Zealand. The Notornis is much larger 
than the ordinary Coots, and is remarkable in the fact that, 
like many extinct and some living New Zealand birds, the 
wings are so rudimentary as to be useless for flight. The true 
Rails, comprising the common Water- rail (Rallits aqnaficns), 
and the Land rail or Corn-crake (Crex pratensis) of Britain, 
and the Marsh-hen (Ralhis clegans\ and Virginian Rail (R. 
Virginianus) of North America, live almost exclusively on 
land, though the first of these usually frequents damp or marshy 
places. In the Jacanas, lastly, the feet are furnished with 
excessively long and slender toes, which enable the bird to 
run about upon the leaves of aquatic plants ; whilst the carpus 
is armed with formidable spurs. They are natives of South 
America, Africa, and India. Closely allied to the Jacanas 
are the Screamers (Palameded) of South America, of which the 
Horned Screamer (P. cornuta) is the best known. It has a 
long frontal horn, and has spurs implanted on the edge of the 
wing. 

Fain. 2. Cidtirostres, — In this family of the Grallatores are 
some of the most typical and familiar forms contained in the 
entire order. The bill in this family is long — usually longer 
than the head — and is compressed from side to side ; the legs 
are long and slender, having a considerable portion of the 
tibiae unfeathered ; and the feet have four toes, which are 
usually coTmected to a greater or less extent at their bases by 

2 Q 
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membrane. In this family are the Cranes, Herons, Stork, Ibis, 
Spoonbill, and others of less importance. 

The Cranes {Grtiidcc) are large and elegant birds, and are 
chiefly remarkable for their long migrations, which were noticed 
by many classical authors. In these journeys the Cranes 
usually fly in large flocks, led by a single leader, so that the 
whole assemblage assumes a wedge-like form ; or they fly in 
long lines. The common Crane \Grus cinered) breeds in the 
north of Europe and Siberia, and migrates southwards at the 
approach of winter. The Numidian Crane or Demoiselle in- 
habits Asia and Africa, the Stanley Cranes {Anthropoides) are 
natives of the East Indies, and the Crowned Cranes {Balearica) 
are African. In many respects the Cranes are more nearly 
allied to the Rails than to the Herons. The Herons (Ardeidce) 
are familiarly known to every one in the person of the common 
Grey or Crested Heron {Ardca cinerea, fig. 337). It was one 



Fig. 337. — Crested YLt^xoni^Ardea cinerea). Europe. 

of the birds most generally pursued in the now almost extinct 
sport of falconry. Various species of Heron are found over 
the whole world, both in temperate and hot climates. Here, 
also, belong the various species of Night Heron {Nycticorax), 
the Bitterns {Botaurus)^ and the Boat-bills (Cancro^id), 
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The Ibises {TantalincE) form a group of beautiful birds, 
species of which occur in all the warm countries of the world. 
They are distinguished by their metallic colours, long, cylin- 
drical, curved bill, and more or less naked head. One, the 
Ibis religiosa^ was regarded by the ancient Egyptians as a deity, 
and w’as treated with divine honours, being often embalmed 
along with their mummies, or figured on their monuments. 

The Storks (Ciconincc) are large birds, of which one, the 
common Stork {Ciconia alba), is rarely found in Britain, but 
occurs commonly on tlie Continent, where it is often semi- 
domesticated. The Storks live in marshes, and feed on frogs, 
fishes, &c. Nearly related to the true Storks are the gigantic 
Marabout {Mycteria Marabou) and Adjutant {M. Areata) of 
Africa and India, which possess a sausage-shaped appendage 
in front of the neck. 

The Spoonbills {Fiataleadce) are also large birds, very like 
the Storks, but the bill is flattened out so as to form a broad 
spoon -like plate. The common White Spoonbill {Platalea 
leucorodia) is found commonly on the Continent, but is of very 
rare occurrence in Britain. 

Fain. 3. Longirostres. — 'Fhe third family of Waders is that 
of the Lon^irostns, characterised by the possession of long, 
slender, soft bills, grooved for the perforations of the nostrils 
(fig* 33^1 II)- The legs arc sometimes rather short, sometimes 
of great length; the toes are of moderate length, and the 
hallux is usually short, and is sometimes absent. The bill in 
these birds serves as an organ of touch, V)eing used as a kind 
of probe to feel for food in mud or marshy soil. To fulfil this 
purpose, the tip of the bill is furnished with numerous filaments 
of the fifth nerve. They feed mostly upon insects and worms, 
and are not strictly aquatic in their habits, mostly fretpienting 
marshy districts, moors, fens, the banks of rivers or lakes, or 
the shores of the sea. 

Ill this family of the Long-billed Waders are the various 
species of Snipe and AVoodcock (Scv/o/aa'dtf), the Sandpipers 
(Triii^^a), the Curlews {Numeuius), the Turnstones {St/rpsilas), 
the {Machetes), the Redshanks {lotanus), the Godwits 

{Limosa), and others which need no special notice. 

Fam. 4. Pressirostres. — The members of this family are 
characterised by the moderate length of the bill, which is 
seldom longer than the head, and has a compressed tip. The 
legs are long, but the toes are short, and are almost always 
partially connected together at their bases by membrane. I'he 
hallux is short, and is often wanting. The wings are long, and 
they can Both fly powerfully and run with great swiftness. In 
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this section are two very distinct sub-families, the Charadriidce 
or Plovers, and the Otidcn or Bustards. In the former of these 
the legs are long and slender, the toes are united at their bases 
by a small membrane, and the hind-toe is very small and raised 
above the ground, or is entirely wanting. In this group are 
the true Plovers and Lapwings {Charadrius and Vanc/lus), the 
Pratincoles (G/areo/a), the Long-shanks {Htmanfopus), the 
Oyster-catcher {Mccmatopus), and the Thick-knee (Gidicnemtis), 
In the Otid(£ or Bustards, the legs are long, and the toes are 
short and furnished with stout claws, d'he hinder toe or hallux 
is entirely wanting; and these birds are chiefly interesting from 
the affinities which they exhibit to the Rasorcs on the one 
hand, and to the Cursores (Ostrich, &c.) on the other. The 
wings, however, are of ample size, and the tail is comparatively 
long, the reverse being the case in the Cursores, The Bus- 
tards are entirely confined to the Old World, and tw^o species 
were formerly not uncommon in Britain. They are found in 
plains and downs, and rarely fly, but run with great swiftness, 
using the wings to accelerate their course. They are polygam- 
ous, and the males are generally brighter and more variegated 
in plumage than the females. 

As regards their distribution in time^ the earliest known 
remains of Graliatores have been found in the Cretaceous 
rocks of North America {Telmatotmis and Palceotringa), The 
Eocene Tertiary of both Europe and North America has 
yielded the remains of Waders, one of the most remarkable 
being a gigantic Rail {Gypsornis) from the Paris basin. The 
later Tertiaries also contain the remains of various Grallatorial 
birds allied to, or identical with, living types. In the Post- 
tertiary deposits of Mauritius are found the bones of the 
Ap/ianapteryx, a large Ralline bird, allied to the living Oey- 
dromiLs, but incapable of flight. It survived into the human 
jjeriod, and was exterminated at a comparatively late date. 

Order HI. Rasores. — The third order of Carinate Birds 
is that of the Rasores^ or Scratchers, often spoken of col- 
lectively as the “Gallinaceous'^ birds, from the old name of 
“ Gallinse," given to the order by Linnaeus. The Rasores are 
characterised by the convex^ vaulted upper mandible^ having the 
nostrils pierced in a membrano7/s space at its base. The nostrils 
are covered by a cartilaginous scale. Taking the Gallinacei as 
the' type of the order, the legs are strong and robust^ mostly 
covei'ed with feathers as far as the joint between the tibia and 
tarso-metatarsus. There are four toes^ three in front and one be- 
hind^ the latter bemg shorty and placed at a higher level than the 
other toes. All the toes terminate in strotig bhmt clhws suitable 
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for scratching (fig. 338, A). The food of the Scratchers or 
Gallinaceous birds consists chiefly of hard grains and seeds, 
and in accordance with this they have a capacious crop and 
an extremely strong and muscular gizzard. 'Ihey mostly 
nidificate, or build their nests, upon the ground, and the more 
typical members of the order are polygamous. The males take 
no part in either nidification or incubation, and the young arc 
generally “ precocious,” being able to run about and provide 
themselves with food from the moment they quit the egg. 
The young of the Pigeons and Doves, however, are brought 
forth in a comparatively helpless condition. The wings in the 




t ijv SjS- — K iisorc.s. A, YassXifi alius Bankivti) , J5, Hc.ui of Guiiica-fow 1. 

majority of the Rasores are more or less weak, and the flight 
is feeble and accompanied with a whirring sound. Many of 
the Pigeons, however, are capable of very powerful and sus- 
tained flight. 

The order Rasores is divided into two sub-orders, called re- 
spectively the Gallinacei and the Cohnnhacei, or sometimes, 
from the characters of the sounds which they utter, the Clama- 
iores and the Gem i to res. 

Sub-order i. Gallinacei or Clamatorcs . — This sub-order com- 
prises the typical members of the order Rasores, such as the 
common Fowls, Turkeys, Partridge, Grouse, Pea-fowl, and a 
number of allied forms, its characters are therefore those 
of the order itself, but it is especially distinguished from the 
Columbacei by being less fully adapted for flight. The body is 
much heavier, comparatively speaking, the legs and feet are 
stronger, and the wings shorter and less powerful. On the 
whole, therefore, these birds are worse fliers than the Colum- 
bacei, and are better adapted for living upon the ground. The 
hallux (fig. 339, A) is elevated above the anterior toes, and 
merely touches the ground in walking. The back of the 
tarsus, too, is usually furnished in the males with a spur 
(calcar), vrtiich is used as an offensive weapon, and has some- 
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times been looked upon as a rudimentary toe.* Lastly, the 
Gallinacei are mostly polygamous, and the males are usually 
much more brilliantly coloured than the females, this being an 

adaptive modification of 
the plumage to meet 
this peculiarity in their 
mode of life, t 

The following are the 
most important families 
of the Gallinacei : — 
The Tel mon idle, or 
Grouse family, com- 
prises the various spe- 
cies of Grouse (Tct7’ao), 
the Ruffed Grouse {Bo- 
nasd), the Cock of the 
Plains ( Ccntroccrciis), 
and the Ptarmigans 
{Lagopns), 

The Perdicidce, or 
Partridge family, com- 
prises the Partridges 
\Pcrdix), the Fran col ins 
(Pra^icolinns), the Quails 
(Coturnix), the Mary- 
land Quail {Ortyx), the 

Fig. 339. — A, Foot of Black-cock B T. lifted Quails {JL^OpkoV- 

and C, Upper and tinder views of the foot of the Sjc 

Wood-pigeon /rtZ//;///'//.?). ^ ’ 

rii e P/iasianidiv, o r 

Pheasant family, comprises the Turkeys and Guinea-fowl 
{Melea^rince), the common Pheasant {Phasianns Colchicus), 
the Golden and Silver Pheasants, the common Fowl {Gallus 
do/nesliens), and the Pea-fowl (Pavoninte). None of these birds 
— all of which can be domesticated, and most of which are 
of great value to man — are natives of this country, though 
they will all breed readily, and thrive even in confinement. 
The domestic Turkey {Meleagris gallopavo) is originally a 
native of North America, where it still occurs in a wild con- 
dition, having been brought to Europe about the beginning of 
the sixteenth century. The Guinea-fowl [Nnmida meleagris) is 



* In some cases (as in the Java Peacock) the female possesses spurs as 
well as the male; and sometimes (as in Polyplectron) there are two or more 
spurs on each leg of the male. 

t The Guinea-fowl, Red Grouse, Ptarmigan, and Partridge are mono- 
gamous, in a state of nature at any rate. 
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originally an African bird. The common Pheasant {Phasiafius 
Colchicus), though now regarded as an indigenous bird, truly 
belongs to Asia, and tt is asserted that it was really brought to 
Europe from Colchis by the Greeks ; hence its specific name. 
The common Fowl is certainly not a native of Europe, and it 
is usually thought to be a native of Asia or of some of the 
Asiatic islands ; but its exact original habitat is uncertain, as 
is the species from which the domestic breeds are descended 
(commonly said to be the Gallus Bankiva of Java). The 
introduction of the Fowl into Europe is lost in the mists of 
antiquity, and it is wholly unknown whence the original stock 
may have been brought ; though there is really every ground 
for believing that the typical breed — the Game breed — is truly 
descended from the Jungle Cock, or Gallus Bankiva. The 
domestic Fowl has, however, been found to be a member of 
the Cave-fauna of France in the early Stone period, which 
would throw far back its alleged introduction from the 
East. The Pea-fowl are really natives of Thibet and 

Hindostan, and were originally brought to Greece by Alex- 
ander the Great. They were formerly mucli esteemed ns 
food, but are now regarded merely from an ornamental point 
of view. 

The Pteroclidcp.^ or Sand-grouse, are confined to the Old 
World, being princi])ally Asiatic and African, and in their 
long and pointed wings they make an approximation to the 
Pigeons. 

The Turnicidee^ or Bush quails, on the other hand, make an 
approach to the Charadriidm amongst the Grallalores, They 
are found in Europe, Africa, Asia, and Australia. 

The MegapodidcE., or Mound-birds, belong to India and Aus- 
tralia, and have very large feet and long claws. They build 
immense mounds, often six or eight feet high, and twenty or 
thirty feet in diameter. They lay their eggs in the centre of 
these mounds at a depth of two or three feet, and leave them 
to be hatched by the heat produced by the fermentation of the 
vegetable matter of the mass. 

The Cracidee, or Curassows, are large heavy birds, allied to 
the preceding, belonging to Central and South America, and to 
a great extent arboreal in their habits. The best-known species 
is the crested Curassow {Crax alecfo?) of Mexico and Brazil. 

Lastly, the Tinamidce, or Tinamous, form an aberrant group 
of the Gallinacei^ with many remarkable features in their inter- 
nal organisation, and with the striking external character that 
the tail is exceedingly short or totally wanting. They inhabit 
South Afti erica, and are in many respects intermediate between 
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the Struthionidce and the true Gailince, such as the Grouse. 
Many of the sutures of the skull are persistent, and the brain 
is very small. There is the lacertilian character that there 
exists a row of supra-orbital bones. 

Sub-order 2. ColumbaccL — The second sub -order of the 
Rasorcs is that of the Coliunbacei or Geinitores^ comprising the 



Fig. 340. — Coluiiibiilaj. Rock-pigeon {^Coliintbn Ikna). 


Doves and Pigeons, and often raised to the rank of a dis- 
tinct order under the name of Columbce. The Coliunbacei 
are separated from the more typical members of the Rasorcs 
by being furnished with strong wings, so as to endow them 
with considerable powers of flight. In place, therefore, of 
being chiefly ground- birds, they are to a great extent arbo- 
real in their habits, and in accordance with this the feet 
are slender, and are well adapted for perching. There are 
four toes, three in front and one behind, and the former are 
nev^r united towards their bases by a membrane, though 
the base of the outer toe is sometimes united to that of the 
middle toe. The hallux is articulated on the same plane as 
the other toes, and touches the ground in walking. Lastly, 
they are all monogamous, and pair for life ; in consetflience of 
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which fact, and of their being readily susceptible of domesti- 
cation, they present an enormous number of varieties, often so 
different from one another that they would certainly be de- 
scribed as distinct species if found in a wild state. It seems 
certain, however, that all the common domestic breeds of 
Pigeons, however unlike one another, are really descended 
from the Rock-pigeon {Coltnnba Iwia), which occurs wild in 
many parts of Europe, and has retained its distinguishing 
peculiarities unaltered for many centuries up to the present 
day. Finally, the young of the Colmnbacei born in a naked 
and helpless state, whilst those of the Gallinacci are “i^reco- 
cioiis,” and can take care of themselves from the moment of 
their liberation from the egg. 

Of the various living birds included in this section, the true 
Pigeons {Coluwbidie) are too well known to require any de- 
scription ; but the Ground-pigeons {Gourid(c) depart to some 
extent from this type, being ground-loving birds, more closely 
allied to the ordinary GalUnacei, The Treronidee^ or Tree- 
pigeons, are exclusively found in the Old World, in its warmer 
parts, and are arboreal in their habits, living princii)ally upon 
fruits. The Diduncididce are a small group, comprising only 
the little Diduncnlus strigirostris of the Navigator Islands. In 
this curious bird the wings are well developed, enabling it to 
lead an arboreal life, and the upper mandible of the beak is 
strongly arched and hooked towards its tip. The Diduncitlns 
is of special interest as having certain relationships to the now 
extinct Dodo, the representative of the family Dididce. The 
Dodo {Didus inepti/s, fig. 341) formerly inhabited the island 
of Mauritius, in great numbers, but the last record of its occur- 
rence dates from the year 1681. It was a large and heavy bird, 
bigger than a swan, and entirely unlike the Pigeons in general 
apiiearance. The wings were rudimentary and completely 
useless as organs of flight. The legs were short and stout, 
the feet had four toes each, and the tail was extremely short, 
carrying, as well as the wings, a tuft of soft plumes. The 
beak (unlike that of any of the Columbacci except the little 
Didunculus strigirostris) was strongly arched towards the end, 
and the upper mandible had a strongly-hooked apex, not at 
all unlike that of a bird of prey. The Dodo owed its exter- 
mination to the fact that it was good to cat, and that it was 
unable to fly. At present all the known remains of this 
singular bird that exist are some old, but apparently faithful, 
oil-paintings, and a few fragmentary remains, to which explor- 
ations in the Recent deposits of the island have added a large 
number bones. Allied to the Dodo, and, like it, incap- 
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able of flight, is the Solitaire {Pezophaps) of Rodriguez, a 
small island lying about 300 miles to the east of Mauritius. 
Its last recorded appearance was in the year 1693. It 



Fig- 341.— ’Skeleton of the Dodo {Didus tJie/ftus), restored. (After Owen.) 


had longer legs than the Dodo, and its bill was less strongly 
arched. 

As regards the distribution of the Rasores in time, the order 
is not known to have made its appearance sooner than the 
Eocene Tertiary (the Palccortyx of the Paris basin). In the 
Miocene period occur the remains of both Gallinaceous and 
Columbaceous birds, one of the most noticeable of the former 
being a Turkey {Meleae^ris antupiiis) from the Miocene of Colo- 
rado. The later Tertiary and Post-tertiary deposits have also 

yielded the bones of various Rasorial birds. 
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.CHAPTER LXVL 

6 ’ UFy^ CL A SS CARINA T Continued. 

ScANSORES, Insessorp:s, and Raptores. 

Order IV. Scansores. — The order of the Scansorial or Climb- 
ing birds is easily and very shortly defined, having no other 
distinctive and exclusive peculiarity except the fact that the 
feet are provided with four toes^ of which two are timied back- 
boards and tbvo forwards. Of the two toes bvhich are dii'ectcd 
backwards^ one is the hallux or pi'oper hind-toe., and the other is 
the outermost of the normal three anterior toes. This arrange- 
ment of the toes (fig. 342, I>) enables the Sca?isores to climb 



with unusual facility. Their powers of flight, on the other 
hand, are generally only moderate and below the average. 
Their food consists of insects or fruit. Their riests are usually 
made in the hollows of old trees, but some of them have the 
remarkable peculiarity that they build no nests of their own, 
but deposit their eggs in the nests of other birds. 1 hey are 
all monogamous. 

The order Scansoresj as above defined, must be looked upon 
as a purely artificial assemblage, comprising birds which pos- 
sess in common the peculiarity of a scansorial foot, but which 
otherwise are widely different. The order is only retained 
here because it can hardly be dispensed with otherwise than 
by raising the three principal groups contained in it to the rank 
of separate orders (viz., the Cuculidee, Ficidee, and Psittaada). 
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The most important families of the Sca/isores are the Cuckoos 
{Cucuiidce)^ the Woodpeckers and Wry-nccks {Picidte\ the Par- 
rots {Fsittacidce), the Toucans {R/uimphastid(e), the Trogons 
( Trogofiidce)^ the Barbets {Bucconidcc\ and the Plantain-eaters 
( M Hsophagidce). 

The Cucididce, or Cuckoos, are chiefly remarkable for the 
extraordinary fact that many of them, instead of nidificating 
and incubating for themselves, lay their eggs in the nests of 
other birds. The only bird not belonging to this family which 
has the same jiarasitic habit, is the Cow-bunting {Afolothrus 
pecoris) of the United States. As a rule, only one egg is de- 
posited in each nest, and the young Cuckoo which is hatched 
from it, is brought up by the foster-parent, generally at the 
expense of the legitimate offspring. The large Channel-bill 
{Scythrops NovcB'JHolhmdice) is said to possess the same curious 
habit, but many species of this group build nests for themselves 
in the ordinary manner. Beside the typical Cuckoos ( Cuculus) 
this group contains the American Cuckoos {Coccygus), the Anis 
( Crotophaga\ the Honey-guides (Indicator), and other less im- 
portant forms. 

The second family of the Scansorcs is that of the Picidee, and 
comprises the Woodpeckers and Wry-necks. 'I'hese birds feed 
chiefly ujjon insects, and the tongue is very extensible, barbed 
at the point, and covered with a viscid secretion, so as to enable 
them to catch their prey by suddenly darting it out. Tlic bill 
is strong and wedge-shaped, and the claws crooked. The tail- 
feathers terminate in points, and are unusually hard and stiff, 
assisting the bird in running up the trunks of trees. The Wood- 
peckers are widely distributed throughout both hemispheres, 
and the Wry-necks ( Yimx) are European. 

The next family is that of the Parrots (Psittacidee)^ the largest 
group of the Scansorcs, comprising several hundred species. 
The bill in the Parrots is large and strong, and the upper man- 
dible is considerably longer than the lower, and is hooked at 
its extremity (fig. 343). The bill is used as a kind of third foot 
in climbing, thus allowing the feet to be used in prehension. 
At the base of the upper mandible is a cere,^^ in which the 
nostrils are pierced. The tongue is soft and fleshy. 'I'he feet 
are especially adapted for climbing, some, however, of the Par- 
rots moving about actively on the ground. The colours of the 
plumage are generally extremely bright and gaudy ; and they 
live for the most part upon fruits. The Psittacidee are distri- 
buted throughout the tropics, and in the southern hemisphere 
as far south as the 5 2d parallel. They are monogamous, and 
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make their nests in holes in trees, and in the rocks. Their 
natural voice is harsh and grating. The true Parrots {Psittacus) 
are mostly inhabitan'ts of tropical America, and their prevailing 
colour is green. Other well-known forms are African. The 
Cockatoos (Plyctolophus), the Love-birds (Agapornis), and tire 
Lorikeets (Trichoglossus) belong to the Melanesian and Austra- 
lian province. The I.ories {Lorius) inhabit the Melanesian 
province. The true Macaws {Araince) are exclusively Ameri- 
can ; and the true Parrakeets {Pczoporincs) are exclusively con- 
fined to the eastern hemisphere, being especially characteristic 
of Australia. 



Fi]?. 343. — Head of Cockatoo. 


Among the more remarkable of the PsiUacidic may be men- 
tioned the singular ‘M\akapo” {Strigops habroptilus) of New 
Zealand, which makes an approach to the Owls. This curious 
Parrot differs from the ordinary members of the order in not 
being gregarious in its habits, in only being active by night, in 
forming burrows in the ground, in which it spends the day, and 
in being limited in its powers of flight. One species of Parrot 
i^Lopho psittacus Mauntiaiius) has become extinct during the 
human period, and the Philip Island Parrot {Nestor product us), 
of the New Zealand province, has not been known to occur since 
the year 1851. 

In the next family of the Scansores are the Toucans {Rham- 
phastidee), characterised by having a bill which is always very 
large, longer than the head, and sometimes of comparatively 
gigantic size (fig. 344). The mandibles are, however, to a 
very great extent hollowed out into air-cells, so that the weight 
of the bill is much less than would be anticipated from its size. 
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The tongue is very long, notched at its side, or feathered with 
delicate lateral processes. The Toucans live chiefly upon 
fruits, and are all confined to the hotter regions of South 
America, frequenting the forests in considerable flocks. 

The Trogons have short and weak feet, a short triangular 
bill, the gape bordered with strong bristles, and short wings. 
The plumage is soft and loose, and generally of the most gor- 



geous description. They inhabit the most retired recesses of 
the forests of the intertropical regions of both hemispheres, 
and show many decided points of affinity to the Goatsuckers. 

The Barbels {Bncconidcc) are South American, but also occur 
in Africa and in the Indian province. Lastly, the Plantain- 
eaters or Toiiracos {Musop/iagidce) are exclusively confined to 
Africa. 

The range of the Scansofes in time does not appear to be 
extensive, the earliest known rcjiresentative of the order being 
from the Lower 'Pertiary. The Eocene beds of Wyoming have 
yielded remains of a Woodpecker {Uintornis), and Parrots, 
Trogons, Cuckoos, and Woodpeckers are known to have lived 
during the later Tertiary and Post-tertiary periods. 

Order V. Insessores. — The sixth order of Birds is that of 
the Insessores^ or Perchers — often spoken of as the Passe res, or 
“Passerine” Birds. They are defined by Owen as follows: 
'‘'‘Legs slender, short, with three toes before and one behind, the 
izuo' external toes tmited by a very short membrane'' (fig. 345, E, F). 

“ The Perchers form the largest and by far the most numer- 
ous order of birds, but are the least easily recognisable by dis 
tinctive characters common to the whole group. Their feet, 
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being more especially adapted to the delicate labours of nidi- 
fication, have neither the webbed structure of those of the 
Sicnmmers, nor ih6 robust strength and destructive talons 
which characterise the feet of the T^m/s of Rapint\ nor yet the 
extended toes which enable the Wader to walk safely over 
marshy soils and tread lightly on the floating leaves of acjuatic 



Fig. 345. — A, Head of Hoopoe {^Upnpa eppps)^ showing the Tenuirostral type of beak. 
U, Head of Red-backed Shrike {Lanins coilnrio), showing the Dentirostral type of 
beak, C, Head of White-bellied Swift {CyPscius showing the P'issirostral 

type of beak. 1 ), Head of Corn-bunting {Emhet-iza miliaria), showing the Coni- 
rostral type of beak. K, Foot of the Yellow Wagtail {Motacilla snlphurca'). F, 
Foot of a Finch {Fringilla). 


plants ; but the toes are slender, flexible, and moderately 
elongated, with long, pointed, and slightly curved claws. 
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“ I'he Percliers in general have the females smaller and less 
brilliantly coloured than the males ; they always live in pairs, 
build in trees, and display the greatest art in the construction 
of their nests. The young are excluded in a blind and naked 
state, and wholly dependent for subsistence during a certain 
period on parental care. The brain arrives in this order at its 
greatest proportionate size ; the organ of voice here attains its 
greatest complexity, and all the cliaracteristics of the bird, as 
power of flight, melody of voice, and beauty of plumage, are 
enjoyed in the highest perfection by one or other of the groups 
of this extensive and varied order.” 

The structure of the feet, then, gives the definition of the 
order, but the minor subdivisions are founded on the nature of 
the beak ; this organ varying in form according to the nature 
of the food, “which may be small or young birds, carrion, in- 
sects, fruit, seeds, vegetable juices, or of a mixed kind” (Owen). 

In accordance with the form of the beak, the Insessores have 
been divided into four great sections or sub-orders, known as 
the Conirostres^ Dentirostres^ Tenuirostres^ and Fissiros/res, 

Suh-order t. Conirostres, — In this section of the Insessores 
the beak is strong and on the whole conical, broad at the base 
and tailoring with considerable rapidity to the apex (fig. 345, 
D). The upper mandible is not markedly toothed at its lower 
margin. Good examples of the conirostral type of beak are 
to be found in the common Sparrow, Hawfinch, or Bullfinch. 
The greater number of the Conirostres are omnivorous; the 
remainder are granivorous, or feed on seeds and grains. The 
sub-order includes the families of the Horn-bills {Bncerotidic)^ 
the Starlings (Sturnidee), the Crows {Corvidee), the Cross-bills 
{Loxiaded), and the Finches and Larks {Fringillidcd), 

In the Horn-bills the conirostral shape of the beak is masked, 
partly by its being of very great size, and partly by the fact that 
above the upper mandible is placed a hollow appendage like a 
kind of helmet. Both the beak and the appendage above it 
are rendered light by the presence of numerous air-cells. The 
Horn-bills are exclusively confined to the warm countries of 
the eastern hemispher6^, and are the largest of all the Inscsso- 
rial birds, sometimes attaining the size of a goose ; and they 
must be regarded as only provisionally placed in this order. 
They live on fruits, and make their nests in the holes of trees. 
The best-known species is the Rhinoceros Bird {Buceros rhino- 
ceros) of India and the Indian Archipelago. 

The family of the CoriddcB^ or Crows, is an extremely exten- 
sive one, and includes a large number of very dissimilar-look- 
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ing birds, all characterised by their long, strong, and com- 
pressed beaks, the tip of the upper mandible being slightly 
hooked and more or less notched. In this family are the 
Jays {Garriilmce) ; the true Crows or Corvhm (comprising the 
Rooks, Carrion-crows, Ravens, Jackdaws, Magpie, Chough, 
&c.), and the Birds of Paradise {Faradiseidce), These last 
differ considerably from the ordinary Corvidce^ but can hardly 
be separated as a distinct family. They are amongst the most 
beautiful of all birds, and are entirely confined to New Guinea 
and the neighbouring islands. They feed upon insects and 
fruit, and are largely destroyed for the sake of their feathers. 
The natives who capture them usually cut off their legs ; hence 
the notion formerly prevailed that the Birds of Paradise were 
destitute of these limbs. It is only the males which possess 
the brilliant plumage, the females being soberly dressed ; and 
in accordance with this fact, it is stated that the Birds of Par- 
adise are polygamous, being in this respect an exception to 
almost the entire order of the Insessores.^ ‘'They are char- 
acterised by extraordinary developments of plumage, which are 
unequalled in any other family of birds. In several species 
large tufts of delicate, bright- coloured feathers spring from 
each side of the body, forming trains, fans, or shields; and 
the middle feathers of the train are often elongated into wires, 
twisted into fantastic shapes, or adorned with the most brilliant 
metallic tints. In another set of species, the accessory plumes 
spring from the head, the back, or the shoulders ; whilst the 
intensity of colour and of metallic lustre displayed by their 
plumage, is not to be equalled by any other birds, except, 
j^erhaps, the Humming-birds, and is not surpassed by these.” 
(Wallace.) 

The family of the Starlings {Sturnidee) is not separated from 
that of the Crows by any important characters. Besides our 
common Starlings, it includes a number of other more or less 
singular birds, of which the Bower-birds of Australia are per- 
haps the most peculiar. These curious birds have the habit 
of building very elaborate bowers, often very beautifully con- 
structed and of considerable size, in which they amuse them- 
selves and apparently make love to one another. These bowers 
are wholly independent of their nests, which they construct 
elsewhere. 

'Phe last family of the Conirostres is that of the FringiUidcey 
comprising the Finches, Linnets, and Larks. In these birds 

* The I'lumming-birds are thought to be polygamous, and this is cer- 
tainly the case with the Whydah Finch {Vidua). 

• 2 R 
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the bill is stout and conical, with a sharp apex, but not having 
the upper mandible toothed. The toes are adapted for perch- 
ing, and are provided with long and curved claws, that of 
the hinder toe being usually longer than the rest. They are 
almost all monogamous, and they build more or less elaborate 
nests. In this family are the true Finches {Fringilld), the 
Sparrows, {Pyrgita), the Linnets and Goldfinches (Carduelis), 
the Whydah Finches {Vidua), the Grosbeaks {Coccothraustes), 
the Bullfinches {Pyfrhula\ and many others, but their num- 
bers are so great that any 
further notice of them is im- 
possible here. It may be 
mentioned, however, that 
the Finches of the Old 
World are represented in 
the tropical parts of America 
by the Tanagers {Tana- 
grided), remarkable for their 
brilliant colours. 

The only remaining mem- 
bers of the Conirosfres which 
require notice are the Cross- 
bills {Loxiaded), which are sometimes placed with the Finches, 
and sometimes considered as a separate family. In these 
birds the structure of the beak is so peculiar that its conirostral 
character is completely masked, and it has been looked upon 
as a deformity. Both mandibles, namely, cross one another 
towards the tip, giving the entire bill a most remarkable ap- 
pearance. In point of fact, however, instead of being a defor- 
mity, the bill of the Cross-bills is a beautiful natural adapta- 
tion, enabling the bird with the greatest facility to tear in 
pieces the hard fir-cones, on the seeds of which it feeds. 

Sub-order 2. Dentirostres, — The birds in this section are 
characterised by the fact that the upper mandible is provided 
with a distinct notch in its lower margin near the tip (fig. 345, 
B). They all feed chiefly upon insects. This sub-order in- 
cludes the Shrikes {Laniidce), the Fly-catchers {Muscicapidee), 
the Thrushes {Meruiid(d), the Tits {Parided), and the Warblers 
{Sylviadod). 

The Muscicapidee, including the numerous species of Fly- 
catchers, are the most insectivorous of the Dentirostres. The 
gape is wide and bordered with bristles, and the legs are short 
and weak. They are mostly sedentary, catching their prey 
from a fixed point. 



34^* Head of the common Hullfinch 
\Pyrrhula xmlgaris)^ showing the coniros- 
tral beak. 



VERTEBRATA : AVES. 


627 

The Shrikes are highly predaceous birds, which in many 
respects make a close approach to the true Birds of Prey. 
They feed, however, mostly upon worms and insects, and only 
occasionally destroy small birds or mice. 

The great family of the Thrushes {Meruiidce) comprises not 
only the true Thrushes, Fieldfares, and Blackbirds, but a 
number of exotic forms, of which the most familiar are the 
Orioles, so well known for their brilliant plumage and their 
beautifully-constructed nests. 

In the Sylviadce^ amongst other forms, are the Wagtails 
{Motacillinc^ and the Pipits (Ant/ius), the Titmice, Robins, 
Hedge-sparrow, Stonechat, Redstarts, and other well-known 
British birds. The Titmice (Panda) are often placed in the 
sub-order of the Conirostres, The Nightingale also belongs to 
this family. 

Sub-order 3. Tenuirostres. — The members of this sub-order 
are characterised by the possession of a long and slender beak, 
gradually tapering to a point (fig. 345, A). The toes are very 
long and slender, the hind-toe or hallux especially so. Most 
of the Tenuirostral birds live upon insects, and some of these 
present a near resemblance in many of their characters to the 
Dentirosires, but it is asserted that some live partially or wholly 
on ^e juices of flowers. 

The chief families of the Tenuirostres are the Creepers 
(Cerihida), the Honey -eaters (Meliphagidce), the Humming- 
birds (Trochilida\ the Sun -birds (Pro?neropidcB\ and the 
Hoopoes ( Upupida)j of which only the Creepers and Hum- 
ming-birds need any further notice. 

The family Certhida includes several familiar British birds, 
such as the little brown Creeper (Certhia familiaris\ the 
Nuthatch (Sitta Europcea)^ and the Wrens (Troglodytes). With 
these are a number of exotic forms, of which the singular 
Lyre-birds of Australia are the most remarkable. 

The family of the Trochilidcey or Humming-birds, includes 
the most fragile and brightly coloured of all the birds, some 
not weighing more than twenty grains when alive, and many 
exhibiting the most brilliant play of metallic colours. The 
Humming-birds are pre-eminently South American, but extend 
northwards as far even as the southern portions of Canada. 
The bill is always very long and slender, as are the toes also. 
The tongue is bifid and tubular, and appears to be used either 
to catch insects within the corollas of flowers, or to suck up 
the juices of the flowers themselves. The plumage of the 
males is always brilliant, with metallic reflections, that of the 
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females generally sombre. The legs are short and weak, but 
the wings are proportionately very long, and the flight is 
exceedingly rapid. 

The Sun -birds represent in the Old World the Hum- 
ming-birds of the western hemisphere, and the Australian 
Honey-eaters show also many points of resemblance to the 
Trochilidce, 

Sub-order 4. Fissirostres, — In this sub-order of the Insessores 
the beak is short but remarkably wide in its gape (figs. 345, C, 
and 347), and the opening of the bill is fenced in by a number 
of bristles {vibrissce). This arrangement is in accordance with 

the habits of the Fissi- 



t'ig* 347«""Heacl of Goatsucker {Cnprhnulgns\ 
showing the fissi rostral form of beak. 


rostres, the typical mem- 
bers of which live upon 
insects and take their prey 
upon the wing. The most 
typical Fissirostral birds, 
in fact, such as the Swal- 
lows and Goatsuckers, fly 
about with their mouths 
widely opened; and the 
insects which they catch 
in this way are preveijted 
from escaping, partly by 
the bristles which border 


the gape, and partly by a 
viscid saliva which covers the tongue and inside of the mouth. 

The group of the Fissirostres^ with various additions (notably 
with that of the Humming-birds), is often raised to the rank of 
a distinct order (the Volitores of Professor Owen). 

The typical Fissirostres^ characterised by the structure of 
the beak, comprise three families — the Swallows and Martins 
{Hirundinidoi), the Swifts {Cypselidce), and the Goatsuckers 
( Caprimulgid(e), These three families differ in many important 
respects from one another, but it would be inconvenient to 
separate them here. The Swifts, especially, are remarkable 
for the peculiarity that whilst the hallux is present, it is turned 
forwards along with the three anterior toes. The Goatsuckers, 
again, hunt their prey by night, and they are provided with 
the large eyes and thick soft plumage of all nocturnal birds. 
Besides the above, there remain the two families of the King- 
fishers and Bee-eaters, which are generally placed amongst the 
FissirostreSf though in very many respects the arrangement 
appears to be an unnatural one. These families are charac- 
terised by their stronger and longer bills, and by having the 
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external toe nearly as long as the middle one, to which it is 
united nearly as far as the penultimate joint. In consequence 
of this peculiar conformation of the toes, these families were 
united by Cuvier into a single group under the name of 
Syndactyli, 

The Capriniulgidce are intermediate between the Owls and 
the Passerine Birds. Their plumage is lax and soft, and they 
have a hawking flight. The eyes and ears are large, the feet 
short and weak, and the gape of enormous size and bordered 
by vibrissae. Amongst the more remarkable members of the 
family may be mentioned the Whip-poor-will (Aiitrostomus 
vociferus) of North America, the More-pork (Podargus Cuvieri) 
of Australia, and the extraordinary Guacharo Bird {Steatornis 
Caripensis) of the valley of Caripe in the West Indies. 

The Hirunditiidce have a wide gape, with few or no vibrissce, 
the wings being very long and the feet short and weak. All 
the Swallows feed upon insects, which they catch upon the 
wing, and they have a cosmopolitan range. 

The Swifts (CypselidcB), though closely resembling the Swal- 
lows in external appearance and mode of life, have little real 
affinity to them. The gape is extremely wide ; the wings are 
very long and pointed ; the feet are short and weak ; and the 
hallux is either permanently turned sideways or forwards, or 
can be made to assume this position at the will of the bird. 
The Swifts are very widely distributed in temperate and warm 
regions. The edible birdVnests ” of the Chinese are made 
of the inspissated saliva of a Swift ( CoUocalia), 

The Bee-eaters {Meropidee) live upon insects, chiefly upon 
various species of bees and wasps ; but the Kingfishers live 
upon small fish, which they capture by dashing into the water. 
The common Kingfisher {Alcedo ispida) is a somewhat rare 
native of Britain, and is perhaps the most beautiful of British 
birds. Some exotic Kingfishers are of large size, and one of 
the most remarkable of them is the Laughing Jackass {Dacelo 
gigas) of Australia, so called from its extraordinary song, re- 
sembling a prolonged hysterical laugh. A very beautiful species 
is the belted Kingfisher {Ccryle akyoii) of North America. 

The Bee-eaters are found chiefly in the warmer regions of 
the Old World, and their place is taken in America by the 
Motmots {Momotus), 

As regards their distribution in time, the Jnsessores are not 
known in rocks older than the Tertiary. The Eocene Slates 
of Claris have yielded the Passerine Protornis Glarisiensis ; 
and in the Eocene deposits of the Paris basin occur remains 
of the Passerine genera Laurillardia and Palaogithalus. The 
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Kingfishers seem to be also represented at the same period by 
the Halcyornis toliapiciis of the London Clay. The Insessorial 
remains of the later Tertiary and Post-Tertiary deposits pre- 
sent no features of special interest. 

Order VI. Raptores (Aefomorp/ics ). — All the members of 
this order are characterised by the shape of the bill, which is 
strong, curved, sharp- edged, and sharp -pointed, often ar7ncd 
7vith a lateral tooth^^ (Owen). The upper nia7idible is the 
lo7igest (fig. 348 , 13), a7td is st7V7igly hooked at the tip. The 
body is very 77iuscular ; the legs are robust, short, with three toes 
in profit afid one behmd, all arined with long, cuf'vcd, crooked 
claws or talons (fig. 348 , A) ; the wifigs are conmonly pointed, 



Fig. 348.— A, Foot of the Peregrine Falcon ; li, Head of Buzzard. 


and of considerable size, and the flight is usually rapid a7id 
po7oerfuL The Birds of Rapine are monogamous, and the 
female is larger than the male. They build their nests generally 
in lofty and inaccessible situations, and rarely lay more than 
four eggs, from which the young are liberated in a naked and 
helpless condition. 

The order Raptores is divided into two great sections — the 
Nocttmial Birds of Prey, which hunt by night and have the 
eyes directed forwards ; and the Diimial Raptores, which 
catch their prey by day, and have the eyes directed laterally. 

The section of the Noctut'nal Raptores includes the single 
family of the Strigidee, or Owls. In these birds the eyes are 
large and are directed forwards. The plumage is exceedingly 
loose and soft, so that their flight (even when they are of large 
size) is almost noiseless ; and it is generally spotted or barred 
with different shades of grey, brown, or yellow. The beak is 
short, strongly hooked, furnished with bristles at its base, and 
having the nostrils pierced in a membranous “ cere at the base 
of the upper mandible. The cranial bones are highly pneumatic, 
and the head is therefore of large size. The feathers gf the face 
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usually form an incomplete or complete “ disc ” or circle round 
each eye (fig. 349, B), and a circle of plumes is likewise placed 



f’ ig- 349* — A, Foot of Tawny 0'w\{Ulula stridula ) ; B, Head of White Owl 
{Sirix ylajnmea). 


round each external meatus auditorius. Besides this auricular 
circle of feathers, the external meatus of the ear is likewise 
protected by a fold of skin. The legs are short and strong, 
and are furnished with four toes, all armed with strong crooked 
talons. The outer toe can be turned backwards, so that the 
foot has some resemblance to that of the Scansores, The tarso- 
metatarsus is densely feathered (fig. 349, A), and the plumes 
sometimes extend to the extremities of the toes. The oeso- 
phagus is not dilated into a crop ; and the indigestible portions 
of the food are rejected by regurgitation from the stomach 
in the form of small pellets. The Owls hunt their prey in 
the twilight or on moonlight nights, occasionally by day, and 
they live mostly upon the lesser Mammalia and small birds, 
though they will also eat insects or frogs. 

The section of the Diurnal Raptores includes the four groups 
of the Falcon idee, the Vulturidce, the Cathartidie, and the Gypo- 
go'anidee. The eyes in this section are much smaller than in 
the preceding, and are placed laterally; and the plumage is not 
soft. As regards their power of flight, they show a decided 
advance upon the Nocturnal Birds of Prey. The wings are 
long and pointed ; the sternal keel and pectoral muscles are 
greatly developed ; and many of the members of this section 
exhibit a more rapid power of locomotion than is seen in any 
other division of the animal kingdom. The bill is long and 
strong, with a large cere ” at the base of the upper mandible, 
in which the nostrils are pierced. The tarso-metatarsus and 
toes are» usually covered by scales, and are rarely feathered. 
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Lastly, the oesophagus is dilated into a capacious crop, the 
gizzard is thin, the intestinal cseca are rudimentary, and the 
intestinal canal is generally short and wide. 

In the FalconidcB (fig. 348, B) the head and neck are always 
clothed with feathers, and the eyes are more or less sunk in 



Fig. 350.— Head of Vulture {Neophron percnoptcrHs). 


the head, and provided with a superciliary ridge or eyebrow. 
It is to a great extent to the presence of this ridge that many 
of these birds owe their fearless and bold expression. In this 
family are the Falcons, Hawks, Buzzards, Kites, Harriers, and 
Eagles, most of which are so well known that any description 
is unnecessary. 

The Old World Vultures ( Vultiiridce)^ as shown by Professor 
Huxley, are really closely allied to the Falconidcv proper, from 
which they are hardly separable as a family. They live how- 
ever, principally upon carrion, are destitute of an eyebrow, and 
have the head and neck frequently naked or covered only with 
a short down (fig. 350). In this group are the typical “Vul- 
tures ( Vultur^ Neophron^ &c.), and the great Bearded Vulture 
or Lammergeyer {Gypa'cios barbatiis) of the mountain-ranges 
of the south of Europe and the west of Asia. 

The American Vultures form the separate family of the 
Cathartidee. They have no eyebrows; the head and upper 
part of the neck are unfeathered; the bill is not powerfully 
raptorial ; the feet have the anterior toes partially webbed ; the 
talons are blunt and little curved ; there is no inferior larynx ; 
and the gullet dilates into a very large crop. They all feed 
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principally upon carrion, and are filthy and cowardly birds. 
The wings, however, are long and strong, and they possess 
great powers of flight. . This group comprises the Californian 
Vulture {Catharfes Califomianus) of Western North America, 
the King Vulture {Sanoramphus papa) of tropical America, 
and the famous and gigantic Condor {Sarcoramphus gryphus) 
of vSouth America. 

Lastly, the family of the Gypogeranidce includes only the 
single genus Gypogcranus or Scrphitarius, including only the 
curious Secretary Bird’^ of Africa. In this singular bird, the 
legs are long and slender, with an unfeathered tarso-metatarsus, 
thus resembling a typical Wader ; whilst the wings are long and 
armed with blunt spurs. The Secretary-bird lives principally 
upon Snakes and other reptiles, which it kills by blows from 
its feet and wings. 

As regards their distrihution in time^ the Raptores seem to 
make their first appearance in the Eocene Tertiary, where both 
sections of the order are rej^resented, the Diurnal forms by the 
Lithornis vulturwus of the London Clay, and the Nocturnal by 
the Rabo Icptostcus of the Eocene of Wyoming. Amongst the 
later representatives of the group may be mentioned the Har- 
pagornis of the Post-Tertiary of New Zealand, a colossal Bird 
of prey, which was a contemporary of the Moas. 


CHAPTER LXVII. 

SAURORNITHES AND ODONTORNITHES, 

Sub-class III. Saurornithes. 

(Jrder I. Saurur/e. — This order includes only the extinct 
bird, Archccoptcryx macrura (fig. 351), a single specimen 
of which — and that but a fragmentary one — has been dis- 
covered in the Lithographic Slates of Solenhofen (Upper 
Oolites). This extraordinary bird appears to have been about 
as big as a Rook ; but it differs from all known birds in having 
two free claws belonging to the wing, and in having a long 
lizard-like tail, longer than the body, and compost'd of separate 
vertebra. The tail was destitute of any ploughshare-hone, and 
each vertebra carried a single pair of quills. The metacarpal 
horns, als&, were not anchylosed together as they are in all other 
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known birds^ living or extinct^ and two of the digits appear to 
have been u?iguiculate. 

The sub-class Sourorftithes includes only the single order 
Saurnrce^ of which no other representative is known than the 



Fig. 331 . — Archaopteryx tnacrnrc^ showing tail and tail-feathers, with detached bones. 


Jurassic Archceopteryx, From the presence of feathers it may 
be inferred that Archceopteryx was hot-blooded, and this char- 
acter, taken along with the structure of the extremities, is 
sufficient to justify the reference of this unique fossil to the 
Birds. In the long lizard-like tail, composed of numerous free 
vertebrae, each of which bears a pair of tail-feathers, in the fact 
that the metacarpals were not anchylosed together, and in the 
possession of two free clawed digits to the manus, Archceopteryx 
differs from all other known birds, living or extinct. There is 
also some reason to believe that the jaws were furnished with 
teeth sunk in distinct sockets. 

Sub-class IV. Odontornithes. 

Order I. ODONXOLCiE. — This order has been founded by 
Marsh for the reception of the extraordinary Hesperornis 
regalis^ from the Cretaceous rocks of North America. In 
this wonderful fossil we have a gigantic diving-bird somewhat 
resembling the true “Divers” or “Loons” {Colymbus), but 
having the jaws furnished with numerous conical recurved 
teeth^ sunk in a deep continuous groove (fig. 352, b and d). 

The front of the upper jaw does not carry teeth, and was . 
probably encased in a horny beak. The breast-bone is entirely 
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destitute of a central ridge or keel, and the wings are minute 
and quite rudimentary ; so that Hesperornis, unlike Ichthyornh, 




352 *. — Toothed Kirds {Otioniontit/u's) of the Cretaceous rocks of America, n, Left 
lower jaw of Ichihyornis disptxr, slightly enlarged ; h. Left lower jaw of Hesperornis 
retails, reduced to nearly one-fourth of the natural size ; c, Cervical vertebra of 
Jehthyornis dispar, front view, twice the natural size ; /, Side view of the same ; d. 
Tooth of Hesperornis regalis, enlarged to twice the natural size. (After Marsh.) 

must have been wholly deprived of the power of flight, in this 
respect approaching the existing Penguins. The tail consists 
of about twelve vertebrae, of which the last three or four are 
amalgamated to form a flat terminal mass, there being at the 
same time clear indications that the tail was capable of up and 
down movement in a vertical plane, this probably fitting it to 
serve as a swimming-paddle or rudder, 'bhe vertebrae of the 
cervical and dorsal regions are of the ordinary ornithic type. 
The legs were powerfully constructed, and the feet were 
adapted to assist the bird in rapid motion through the water. 
The known remains of Hesperornis regaiis prove it to have 
been a swimming and diving bird, of larger dimensions than 
any of the aquatic members of the class of Birds with which 
we are acquainted at the present day. It appears to have 
stood between five and six feet high, and its inability to fly is 
fully compensated for by the numerous adaptation.s of its struc- 
ture to a watery life. Its teeth prove it to have been carnivor- 
ous in its habits, and it probably lived upon fishes. 

From the next order, the present is readily distinguished by 
the fact that the vertehree resemble those of recent birds, the ster- 
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num is without a keel, the wings are rudimentary, and the teeth 
are implanted m a groove in the jaw and not in separate sockets. 

Order IL Odontotormai:. — This order has been founded 
by Marsh for the reception of two remarkable birds, which he 
has named Ichthyornis dispar and Apatornis celer, both from 
the Cretaceous rocks of North America. 

In Ichthyornis dispar, which may be taken as the type of the 
order, the teeth (fig. 352, a) were sunk in distinct sockets, and 
were ‘‘small, compressed, and pointed, and all of those pre- 
served are similar. Those in the lower jaw number about 
twenty in each ramus, and are all more or less inclined back- 
wards. . . . The maxillary teeth appear to have been 

equally numerous, and essentially the same as those in the 
mandible. The skull was of moderate size, and the eyes 
placed well forward. The lower jaws are long and slender, 
and the rami were not closely united at the symphysis. . . . 
I'lie jaws were apparently not encased in a horny sheath. 

“ The scapular arch, and the bones of the wings and legs, 
all conform closely to the true ornithic type. The wings were 
large in proportion to the legs, and the humerus had an 
extended radial crest. The metacarpals were united, as in 
ordinary birds. The bones of the ])ostcrior extremities re- 
semble those of swimming birds. The vertebrae (see fig. 352, 
c and d) were all biconcave, the concavities at each end of 
the centra being distinct and nearly alike. Whether the tail 
was elongated cannot at present be determined ; but the last 
vertebra of the sacrum was unusually large. 

“ The bird was fully adult, and about as large as a pigeon. 
With the exception of the .skull, the bones do not appear to 
have been pneumatic, though most of them are hollow. The 
species was carnivorous, and probably aquatic.” (Marsh.) 

Apatornis agrees with Ichthyor?iis in most of the above char- 
acters, but the structure of its jaws is not fully known. It 
follows from the above that the order OdontotornKo is char- 
acterised by the possession of distinct teeth sunk m sepa 7 ‘aie 
sockets in the jaw and not in a co?itinuous groove, by the fact that 
the ve 7 iebrce are biconcave, and by the possession of a carmate 
sternum and well-developed wmgs. 
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DIVISION III— MAMMALIA. 


CHAPTER LXVIII. 

GENERAL CHARACTERS OF THE MAMMALIA. 

The last and highest class of the Vertebrata, that of the Mam- 
jjialia, may be shortly defined as including Vertebrate animals 
in which some part or other of the integianent is always provided 
with hairs at some time of life ; and the young are nourished^ for 
a longer or shorter time, by means of a special fluid — the milk — 
secreted by special glands — the mammary glands. These two 
characters are of themselves sufficient broadly to separate the 
Mammals from all other classes of the Vertebrate sub-king- 
dom. In addition, however, to these two leading peculiarities, 
the Mammals exhibit the following other characters of scarcely 
less importance : — 

1. The skull articulates with the vertebral column by means 
of a double articulation, the occipital bone carrying two con- 
dyles, in place of the single condyle of the Reptiles and Birds. 

2. The lower jaw or mandible consists of two halves or 
rami, united anteriorly by a symphysis, but not necessarily 
anchylosed ; but these are each composed of a single piece, 
instead of being complex and consisting of several pieces, as 
in the Reptiles and Birds. Further, the lower jaw always 
articulates directly with the squamosal element of the skull, 
and is never united to an os quadratum, as in the Sauropsida. 

3. The two hemispheres of the cerebral mass, or brain proper, 
are united together by a more or less extensively developed 
‘‘ corpus callosum ” or commissure. 

4. The heart consists — as in Birds — of four cavities or 
chambers, two auricles and two ventricles. The right and left 
sides of the heart are completely separated from one another, 
and there is no communication between the pulmonary and 
systemic circulations. The red blood - corpuscles are non- 
nucleat^l, and, with the exception of those of the CamclidcB^ 
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they are circular biconcave discs. There is only one aorta — 
the left— which turns over the left bronchus, and not over the 
right, as it does in Birds. 

5. The cavities of the thorax and abdomen are completely 
separated from one another by a muscular partition — the dia- 
phragm or midriff. 

6. The respiratory organs are in the form of two lungs 
placed in the thorax, but none of the bronchi end in air-recep- 
tacles, distributed through the body, as in Birds. 

7. The embryo mammal is invariably enveloped in an am- 
nion, and an allantois is never wanting. The allantois, how- 
ever, either disappears at an early period of life, or it develops 
the structure known as the ‘‘placenta.** The placenta is a 
vascular organ which serves as a means of communication 
between the parent and the foetus, but it will be noticed more 
particularly hereafter. 

8. In no Mammal do the visceral arches and clefts of the 
embryo ever carry branchiae, as they do in the fishes and 
Amphibians. 

These are the essential characters which distinguish the 
Mammalia as a class, but it will be necesssary to consider these, 
and some other points, in a more detail^ manner. 

In the first place, with regard to the osteology of the Mam- 
mals, the following points should be noticed : — 

With the exception of the Whales and Dolphins {Cetacea), 
and the Dugongs and Manatees (Sirez/ia), the vertebral column 
is divisible into the same regions as in man — namely, into a 
cervical, dorsal, lumbar, sacral, and caudal or coccygeal region 
(sec fig. 241). In the Cetacea and Sireziia the dorsal region 
of the spine is followed by a number of vertebraj which com- 
pose the hinder extremity of the body, but which cannot be 
separated into lumbar, sacral, and caudal vertebrae. 

In spite of the great difference which is observable in the 
length of the neck in different Mammals, the number of 
vertebrae in the cervical region is extraordinarily constant, 
being almost invariably seven, as in man. In this respect 
there is no difference between the Whale and the Giraffe. 
The only exceptions to this law are the Manatees {Maziatus) 
which have but six cervical vertebrae ; the three-toed Sloth 
{Bradypus tridactylus), which is commonly regarded as posses- 
sing nine, though competent anatomists would refer the pos- 
terior, two of these to the dorsal region ; and one of the two- 
toed Sloths ( Cho/apus Hoffmaimi), which has only six cervical 
vertebrae. 

The dorsal vertebrae are mostly thirteen in number, but they ’ 
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vary from ten to twenty-four. In man there are twelve, in one 
of the Armadillos only ten, and in the two-toed Sloths and the 
Uyrax the maximum is attained. The lumbar vertebrae are 
usually six or seven in number, rarely fewer than four. In Man 
they are five in number, and they are reduced to two in the 
two-toed Sloth, one of the Ant-eaters, and the Duck-mole. 

The first vertebra, or atlas, always bears two articular cavi- 
ties for the reception of the two condyles of the occipital bone ; 
and the second vertebra, or axis, usually has an “ odontoid 
process, on which the head rotates. In the true Whales, how- 
ever, in which the cervical vertebrne are anchylosed together 
to a greater or less extent, and the neck is immovable, the 
odontoid process is also wanting. 

In almost all Mammals the spinous .processes of the dorsal 
vertebrae are very largely developed for the attachment of the 
structure which is known as the ligafnentiafi nuchcc. This is a 
great band of elastic fibrous tissue, which is attached in front 
to the occipital bone and spinous processes of the cervical 
vertebrae, and which relieves the muscles of the task of support- 
ing the head in those Mammals which progress with the body 
in a horizontal position* The development of the Ugavientum 
nuchcc is consequently,^ as a rule, proportionate to the size 
of the head and the length of the neck. In Whales no such 
apparatus is necessary, owing to the fixation of the cervical 
vertebrae by anchylosis; and in Man, who walks erect, the 
ligamejitutn nuchcc can hardly be said to exist as a distinct 
structure, being merely represented by a band of fascia. 

The number of lumbar and sacral vertebrae, as we have seen, 
varies in different Mammals ; but ordinarily some of the verte- 
brae are anchylosed into a single bone, and have the iliac bones 
abutting against them, thus constituting the “sacrum” of 
human anatomists. In the Cetcuca and Sirenia, in which the 
hind-limbs are wanting, and the pelvis rudimentary, there is no 
“ sacrum.” 

The thoracic cavity or chest in Mammals is always enclosed 
by a series of ribs, the number of which varies with that of the 
dorsal vertebrae. In most cases each rib articulates by its 
head with the bodies of tivo vertebrae, and by its tubercle with 
the transverse process of one of these vertebrae (the lower one). 
In the Monotremata {e.g., the Duck-mole), the ribs articulate 
with the body of the vertebra only ; and in the Whales, the 
hindermost of the ribs, or all of them, articulate with the trans- 
verse processes only, and not with the centra at all. 

There are usually no bony pieces uniting the ribs with the 
sternum ou breast-bone in front, as in Birds ; but the so-called 

2 S 
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“sternal ribs** of Aves are represented by the “costal carti- 
lages ** of the Mammals. In some cases, however, the carti- 
lages of the ribs do become ossified and constitute sternal ribs. 
Sometimes, as in the Armadillos, there is a joint between the 
vertebral ribs and sternal ribs. More rarely, as in the Mono- 
iremes (fig. 357, D), an intermediate piece is found between 
the vertebral and costal portions of the rib. Only the anterior 
ribs reach the sternum, and these are called the “ true '' ribs ; 
the posterior ribs, which fall short of the breast-bone, being 
known as the “ false ** ribs. 

The sternum or breast-bone (fig. 353) is formed of several 



Fig. 353. — A, Sternum of Man, with the costal cartilages. B, Sternum and costal 
cartilages of the Dog : p Prastcmum ; m Mesosternum ; x Xiphistermim. 


pieces placed one behind the other, but usually anchylosed 
together to form a single bone. It is placed upon the ventral 
surface of the body, and is united with the vertebral column 
by the ribs and their cartilages. It is generally a long and 
narrow bone, but in the Cetacea it is broad. It is only in some 
burrowing animals (such as the Moles) and in the true flying 
Mammals (the Bats), that the sternum is provided with any 

ridge or keel for the attachment of the pectoral muscles, as 

it is in Birds. The sternum is primitively composed of three 
pieces, an anterior piece or prmsteniwny a middle piece or 
mesosternum^ and a posterior piece or xiphistefnum. The 
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praesternum is the ‘‘ manubrium sterni ” of human anatomy, 
and is the portion of the sternum which lies in front of the 
attachment of the second pair of ribs. All the other ribs are 
connected with the mesosternum. The xiphisternmn is the 
“xiphoid cartilage” of human anatomy, and it commonly 
remains throughout life more or less unossified. In the Mono- 
tremes there is a T-shaped bone above or in front of the 
praesternum, but this is to be regarded as belonging to the 
shoulder-girdle, and as representing the “episternum” or 
“interclavicle” of the Reptiles. 

The normal number of limbs in the Mammalia is four, two 
anterior and two posterior ; and hence they are often spoken 
of as “quadrupeds,” though all the limbs are not universally 
present, and other animals have four limbs as well. The ante- 
rior limbs are not known to be wanting in any Mammal, but 
the posterior limbs are absent in the Cetacea and Sirenia, 

As regards the structure of the anterior limb, the chief points 
to be noticed concern the means by which it is connected with 
the trunk. The scapula or shoulder-blade is never absent, and 
it is in the form of a broad flat bone (rarely long and narrow), 
api^lied to the outer aspect of the ribs, and much more devel- 
oped than in the Birds. The coracoid bone, which forms such 
a marked feature in the scapular arch of Aves^ is fused with the 
scapula, and only articulates with the sternum in the Duck- 
mole and Echidna {Monotrematd). In all other Mammals the 
coracoid forms merely a process of the scapula, and docs not 
reach the top of the breast-bone. The collar-bones or clav- 
icles never unite in any Mammal to form a “ furculum,” as in 
Birds ; but in the Monotremes they unite with an “ interclav- 
icle,” placed in front of the sternum. The clavicles, in point 
of fact, are not i)resent in a well-developed form in any Mam- 
mals except in those which use the anterior limbs in flight, in 
digging, or in prehension. The Cetacea^ the Hoofed Quadru- 
peds ( Ungiilata) and some of the Rdeutata^ have no clavicles. 
Most of the Carnivora and some Rodents possess a clavicle, 
but this is imperfect, and does not articulate with the top 
of the sternum. The Insectivorous Mammals, many of the 
Rodents, the Bats, and all the Quadrumana, have (with Man) 
a perfect clavicle articulating with the anterior end of the 
sternum. 

The humerus, or long bone of the upper arm {drac/iium)^ is 

never wanting, but is extremely short in the Whales, in which 

the anterior limbs are converted into swimming-paddles. In 
many Mammals, as in the Monkeys, and Felida (constituting 
the most typical group of the Camivora\ the median nerve and 
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brachial or ulnar artery are protected on their way down the 
arm by a canal placed a little above the elbow, and formed by 
a process— the “ supra- condyloid” process — which is some- 
times present in man as an abnormality. 

In the fore-arm of all Mammals the ulna and radius are re- 
cognisable, but they are not necessarily distinct ; and the radius, 
as being the bone which mainly supports the hand, is the only 
one which is always well developed, the ulna being often rudi- 
mentary. In the Cetacea the ulna and radius are anchylosed 
together; and in most of the Hoofed Quadrupeds they are 
anchylosed towards their distal extremities. In the flying 
Mammals or Bats the ulna is hardly recognisable, being re- 
duced to its upper third and fused with the radius. The fore- 
arm attains its greatest perfection in man, in whom the radius 
can rotate upon the ulna, so as to allow the back of the hand 
to be placed upwards or downwards, these movements being 
known respectively as “ pronation” and ‘‘supination.” In the 
Monkeys only is there any approach to this power of rotation. 

The fore-arm is succeeded by the small bones which com- 
pose the wrist or “carpus.” These are eight in number in 
Man, but vary in different Mammals from five to eleven. 

The metacarpus in Man and in most Mammals consists of 
five cylindrical bones, articulating proximally with the carpus, 
and distally with the phalanges of the fingers. The most re- 
markable modification of this normal state of things occurs in 
the Ruminants and in the Horse. In the Ruminants, in which 
the foot is cleft, and consists of two perfect toes only, there are 
two metacarpal bones in the embryo; but these are anchylosed 
together in the adult, and form a single mass which is known 
as the “canon-bone” (fig. 354, c). In the Horse, in which the 
foot consists of no more than a single digit, there is only a 
single metacarpal bone, on each side of which are two little 
bony spines — the so-called “splint-bones” — which are at- 
tached superiorly to the carpus, and are to be regarded as 
rudimentary metacarpals. In most of the other Ungulates 
there are at least three metacarpals, and in the elephants there 
are five. 

'I’he normal number of digits is five, but they vary from one 
to five. The middle finger is the longest, and most persistent 
of the digits of the fore-limb ; and in the Horse it is the only 
one which is left (fig. 355). The thumb is very frequently 
absent. In the Ruminants there are only two fingers which 
are functionally useful, these carrying the hoofs. In most 
Ruminants, however, there are two rudimentary and function- 
ally useless digits in addition. 
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Normally each digit has three phalanges, except the thumb, 
which has only two. In the Whales and Dolphins {Cetacea), 
in which the anterior limbs form swimming-paddles, very like 



Kig. 354. — A, Forc-leg of Ox {Bos tautits). I*, 
lliml-leg of Stag (C<v!7«.v rfl’ Carpus; 

. ta 'J’arsns; c “Canon-bone, compo.sed of the 
united metacarpal.s or metatarsals of the 3d 
and 4th digits. 



Fig. 355. — Kore-lcg of Horse. 
ca Carpus ; m Metacarpal 
of the third digit ; j “ Splint- 
bone,” or rudimentary met- 
acarpal ; I, First phalan.x 
or “great pa.stern ; ” 2, 
Second phalanx or “ small 
pastern ; ” 3, 'I'hird phalanx 
or “ coffin-bone.” 


those of the Ichthyosaurus and Plesiosaurus^ the phalanges are 
considerably increased in number as they are in those Reptiles. 
In all the Mammalia, too, except the Cetacea, it is the rule 
that the terminal phalanx in each digit should carry a nail, 
claw, or hoof. 
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The power of opposing the thumb to the other digits of the 
hand is found only in Man, and in a considerable number of 
the Qitiadrumana^ but never so perfectly developed as in Man. 
In Man only does this power attain its full perfection, and it 
constitutes one of the most striking of the merely anatomical 
peculiarities by which Man is separated from the Monkeys. 
As, however, this feature is purely adaptive, and is really to be 
regarded as of extremely small physiological value, we ought 
to learn from this that the difference between Man and the 
Qnadrumana is to be sought in the mental powers of each, and 
not in any merely structural character. 

Whilst the anterior limbs are never absent in any Mammal, 
the posterior limbs are occasionally wholly wanting, as in the 
Cetacea and Sirenia (in Halitherium, an extinct Sirenian, a 
rudimentary femur exists). Generally speaking, however, the 
posterior limbs are present, and the pelvic arch has much the 
same structure as in Man. The two halves of the pelvis — the 
ossa innominata — consist each of three pieces in the embryo — 
viz., the ilium, ischium, and pubes — which meet to form the 
cup-shaped cavity known as the “ acetabulum, with which the 
head of the thigh-bone articulates. In the adult Mammal 
these three bones are anchylosed together, and the two ossa 
innominata unite in front by means of a symphysis pubis, con- 
stituted either by a cartilaginous union (synchondrosis), or by 
merely ligamentous attachment. In some Mammals, however, 
such as the Mole, and many of the Bats, the pubic bones 
remain disunited during life. As a rule, also, the ossa inno- 
minata are firmly united with the vertebral column. In the 
Cetaceans, in which the hind-limbs are wanting, and there is 
no sacrum, the innominate bones are rudimentary, and are not 
attached in any way to the spine. 

The only other bones which are ever connected with the 
pelvis are two small bones which are directed upwards from 
the brim of the pelvic cavity in Marsupials and Monotremes. 
These are the so-called marsupial bones,” regarded generally 
as not forming parts of the skeleton properly so called, but 
as being ossifications of the internal tendons of the “ external 
oblique” muscles of the abdomen (fig. 360). 

In those Mammals which possess hind-limbs, the normal 
composition of the member is of the following parts : i. A 
thigh-bone or femur; 2. Two bones forming the shank, and 
known as the tibia and fibula ; 3. A number of small bones 
constituting the ankle or tarsus ; 4. The ‘‘ root ” of the foot, 
made up of the “metatarsus;” 5. The phalanges of the toes 
(see fig. 243). 
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The thigh-bone or femur articulates with the pelvis, usually 
at a very open angle. In Man it is distinguished by being the 
longest bone of the body, and by having the axis of its shaft 
nearly parallel to that of the vertebral column. In most 
Mammals the femur is relatively shorter, and the axis of its 
shaft deviates considerably from that of the spine, being some- 
times at right angles, or even at an acute angle. 

Of the bones of the leg proper (crus) the tibia corresponds to 
the radius in the fore-limb, as shown by its carrying the tarsus ; 
and the fibula is the representative of the ulna. The articula- 
tion between the tibia and fibula on the one hand, and the 
femur on the other, constitutes the “ knee-joint,” which is usu- 
ally defended in front by the ‘‘knee-pan” or patella, a large 
sesamoid bone developed in the tendons of the great extensor 
muscles of the thigh. The patella is of small size in the Car- 
nivora^ but does not appear to be wanting in any except in 
some of the Marsupials. In many cases the tibia and fibula 
are anchylosed towards their distal extremities. In the Horse 
the fibula has much the same character as in Birds, being a 
long splint-like bone which only extends about half-way down 
the tibia. In the Ruminants the reverse of this obtains, the 
upper half of the fibula being absent, and only the lower half 
present. 

The tibia articulates with the tarsus, consisting in Man of 
seven bones, but varying in different Mammals from four to 
nine. 

The foot, or pes^ consists normally of five toes, connected 
with the tarsus by means of five metatarsal bones, which closely 
resemble the metacarpals. In the Ruminants there are two 
principal metatarsals, and these are anchylosed in the adult, 
and carry two toes. In the Horse there is only one complete 
metatarsal supporting a single toe. As a rule, the number of 
digits in the hind-limb or foot is the same as that in the fore- 
limb or hand ; but this is not always the case. In the Lions, 
Tigers, Cats, and Dogs, the posterior limb carries only four 
toes, the innermost toe or hallux being wanting. In the Quad- 
f'umana, again, all the five toes are generally present, but the 
four outer toes are much longer than in Man, and the hallux 
is shorter than the other toes, and often opposable to them, so 
that the foot forms a kind of posterior hand. The hallux is 
also not uncommonly opposable in other cases. 

The cranial bones are invariably connected with one another 
by sutures, and in no other examples than the Monotremes 
are these sutures obliterated in the adult. The differences of 
opinion \fhich are entertained as to the fundamental structure 
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of the skull are so enormous, that it will be best not to attempt 
here any detailed description of the skull of the Mammalia, 
more especially as there is as yet no universal agreement even 
as to the nomenclature to be employed. It is sufficient to re- 
member that the skull is composed of a series of bony segments, 
which are often regarded as modified vertebrae. The occipi- 
tal bone carries two condyles for articulation with the first 
cervical vertebra. The lower jaw is composed of two halves 
or rami, which are distinct from one another in the embryo, and 
may or may not be anchylosed together in the adult. How- 
ever this may be, in no Mammal is the ramus of the lower jaw 
composed of several pieces, as it is in Birds and Reptiles, nor 
does it articulate with the skull by the intervention of an os 
quadratum. On the other hand, each ramus of the lower jaw 
in the Mammals is composed of only a single piece, and arti- 
culates with the squamosal element of the skull, or, in other 
words, with the squamous portion of the temporal bone. 

Teeth are present in the great majority of Mammals; but 
they are only present in the embryo of the whalebone Whales, 
and are entirely absent in the genera Echidna^ Ma?iis, and 
Myrmecophaga, In the Duck-mole {Ornithorhynchus) the so- 
called teeth are horny, and the same was the case in the extinct 
Rhytina amongst the Sirenia, In all other Mammals the teeth 
have their ordinary structure of dentine, enamel, and crusta 
petrosa, these elements being variously disposed in different 
cases, the enamel being occasionally wanting. In no Mammals 
are the teeth ever anchylosed with the jaw ; and in all, the 
teeth are implanted into distinct sockets or alveoli, which, 
however, are very imperfect in some of the Cetacea. 

Many Mammals have only a single set of teeth throughout 
life, and these are termed by Owen “ monophyodont.” In 
most cases, however, the first set of teeth — called the “ milk’' 
or “deciduous" teeth — is replaced in the course of growth by 
a second set of “ permanent " teeth. The deciduous and per- 
manent sets of teeth do not necessarily correspond to one 
another ; but no Mammal has ever more than these two sets. 
The Mammals with two sets of teeth are called by Owen 
“ diphyodont." 

In Man and many other Mammals the teeth are divisible 
into four distinct groups, which differ from one another in 
position, appearance, and function ; and which are known 
respectively as the incisors, canines, prcemolars, and molars 
(fig. 356).' “Those teeth which are implanted in the prse- 
maxillary bones, and in the corresponding part of the lower 
jaw, are called ‘incisors,’ whatever be their shapd or size. 
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The tooth in the maxillary bone which is situated at or near 
to the suture with the prsemaxillary, is the ^ canine/ as is also 
that tooth in the lower jaw which, in opposing it, passes in 
front of its crown when the -mouth is closed. The other teeth 



Fig. 356. — Teeth of the right side of the lower jaw of the Chimpanzee (after Owen). 
i Incisors; c Canine tooth; pvt Prannolars; in Molars. 


of the first set are the ‘ deciduous molars ; ’ the teeth which 
displace and succeed them vertically are the ‘ prpemolars ; ’ 
the more posterior teeth, which are not displaced by vertical 
successors, are the ‘molars’ properly so called” (Owen). 
The deciduous dentition, therefore, of a diphyodont Mammal 
consists of only three kinds of teeth— incisors, canines, and 
molars. The incisor and canine teeth of the deciduous set 
are replaced by the teeth which bear the same names in the 
permanent set. The deciduous “molars,” however, are re- 
placed by the permanent “ prsemolars,” and the “ molars ” of 
the permanent set of teeth are not represented in the decidu- 
ous series, only existing once, and not being replaced by 
succe.ssors. It has, however, been shown that in some diphyo- 
dont Mammals there may be certain of the anterior maxillary 
teeth in the permanent dentition, which are not represented 
by any predecessors in the deciduous series. This is the case, 
for example, with the first praemolar of the Dog. 

All these four kinds of teeth are not necessarily present in 
all Mammals, and, as will be afterwards seen, the characters of 
the teeth are amongst the most important of the distinctions by 
which the Mammalian orders are separated from one another. 
The variations which exist in the number of teeth in different 
Mammaft are usually expressed by a “ dental formula,” which 
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presents the ‘‘dentition” of both jaws in a condensed and 
easily recognised form. 

According to Owen, the typical permanent dentition of a 
diphyodont Mammal would be expressed by the following 
formula : — 



3 . 

3' 


c 


1 — I 
I — I 


pm ^ — - : m ^ ^ = 44 . 
4 — 4 3 — 3 


The four kinds of teeth are indicated in such a formula by the 
letters — incisors /, canines c, praemolars molars m. The 
numbers in the upper line indicate the teeth in the upper jaw, 
those in the lower line stand for those in the lower jaw ; and 
the number of teeth on each side of the jaw is indicated by 
the short dashes between the figures. 

As regards the digestive system of the Mayntnalia, salivary 
glands are present in all except the true Cetacea, The alimen- 
tary canal has in most cases essentially the same structure as in 
man ; and the same accessory glands are present — namely, the 
liver and pancreas. Some very remarkable modifications occur 
in the structure of the stomach and in the termination of the 
intestine ; but these will be noticed in speaking of the orders 
in which they occur. The cavity of the abdomen is always 
separated from that of the thorax by a complete muscular 
partition — the diaphragm — as is the case in no other Verte- 
brate animals. The abdomen contains the greater portion 
of the alimentary canal, the liver, spleen, pancreas, kidneys, 
and other organs. The thorax mainly holds the heart and 
lungs. 

The heart is contained in a serous bag, the pericardium, and 
consists (as in* Birds) of two auricles and two ventricles. The 
effete and deoxygenated blood is returned from the tissues by 
the veins, and is conducted by the twQ vense cavac to the right 
side of the heart into the right auricle. From the right auricle 
it passes into the right ventricle, whence it is propelled through 
the pulmonary artery to the lungs. Having been submitted to 
the action of the air, the blood, now arterialised, is carried by 
the pulmonary veins to the left auricle, and thence into the left 
ventricle. From the left ventricle the aerated blood is driven 
through the aorta and systemic vessels to all parts of the 
body. In Mammals, therefore, as in Birds, the pulmonary 
and systemic circulations are altogether distinct and separate 
from one another. The two sides of the heart — except in the 
foetus and as an abnormality in adults — have no communica- 
tion with one another except by means of the capillaries. 

The red blood -corpuscles are never nucleated, ahd in all 
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except the CamelidcR (in which they are oval) they are circular 
and discoid. 

The lungs of Mammals differ from those of Birds in being 
freely suspended in the thoracic cavity, the greater part of 
which they fill, and in being enclosed freely in a serous sac 
{pleura) which envelops each lung. The lungs are minutely 
cellular throughout, and the bronchi never open on the sur- 
face of the lung into a series of air-receptacles communicating 
with one another, and placed in different parts of the body, 
as is the case in Birds. 

There is no “inferior larynx,** in any Mammal, and the 
upper aperture of the true larynx is always protected by an 
epiglottis. 

The kidneys in Mammals are situated in the lumbar region, 
and exhibit a division of their substance into cortical and 
medullary portions. 

There are two ovaries in the Mammals, and the oviducts 
are known as the “ Fallopian tubes.** Each oviduct dilates 
on its way to the surface into a uterine cavity, which opens 
into the vagina. In the Monotremes and Marsupials this 
primitive condition is retained throughout life, the uterus 
remaining double, and opening by two apertures into the 
cloaca or vagina. In most cases this condition is so far modi- 
fied in the adult, that the two uteri have coalesced inferiorly, 
so as to have only a single opening into the vagina, whilst 
they separate into two horns or “ cornua ** superiorly. Only 
in the Monkeys and in Man have the two uteri completely 
coalesced to form a completely single cavity, into the “ fundus *’ 
of which the Fallopian tubes open. In male Mammals there 
are always two testes present. In many Mammals the testes 
are permanently retained in the abdominal cavity, and tliere 
is no scrotum. This is the case in the Monotremes, the Ele- 
phants, all the Cetacea^ and many of the Edcfitata. Mostly, 
however, the testes at an early period of life are transferred 
from the abdomen to a pouch of integument called the 
“ scrotum.** Usually the scrotum is placed beneath the pubic 
arch and behind the penis, but this position is reversed in 
the Marsupials. 

Mammary glands are present in all Mammals, and they are 
regarded by Huxley as an extreme modification of the cutane- 
ous sebaceous glands. In the male Mammals the mammary 
glands are present, but, under all ordinary circumstances, they 
remain functionally useless and undeveloped. Considerable 
differences obtain as to the number and position of the mam- 
mary glands in different cases : but they are always placed on 
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the inferior surface of the body, and their ducts in the great 
majority of cases open collectively upon a common elevation 
— the “teat” or “nipple.” In the Monotrernata^ however, 
there are no nipples, the ducts of the mammary glands open- 
ing either into a pouch of the integument {Echidna) or upon a 
flat surface {Ornithorhynchus). 

The young Mammal is nourished for a longer or shorter 
time by the milk secreted by the mammary glands of the 
mother. In ordinary cases the milk is obtained by voluntary 
suction on the part of the young animal ; but in the Marsupials 
the young are at first unable to suck for themselves, and the 
milk is forced out of the gland by the contractions of a special 
muscle. 

'I'he nervous system of Mammals is chiefly remarkable for 
the great proportionate development of the cerebral mass as 
compared with the size of the spinal cord. In the higher 
Mammals, again, tne hemispheres of the cerebrum are much 
more largely developed proportionately than the remaining 
parts of the brain. The brain of the Mammals is chiefly dis- 
tinguished from that of the lower Vcrtebrata by the fact that 
the two hemispheres of the cerebellum are united by a trans- 
verse commissure — the pons Varolii ; and the hemispheres 
of the cerebrum are connected by a great commissure — the 
corpus callosum — which is, however, of small size in the lower 
Mammalia, 

The senses, as a rule, attain great perfection in the Mam- 
mals ; and the only sense which appears to be ever entirely 
wanting is that of vision. The sclerotic coat of the eye is 
never supported by a ring of bony plates as in Birds and many 
Reptiles. As a rule, in addition to the upper and lower eye- 
lids there is a third perpendicular lid — the membrana nictitans 
— but this is wanting or quite rudimentary in Man and in the 
Monkeys. 

An external ear or concha for collecting the vibrations of 
sound is usually present, but is wanting in the Cetacea^ many 
of the Seals, and in some other cases. 

The integument is furnished over a greater or less portion 
of its surface with the epidermic appendages known as “ hairs.” 

These are developed, much as feathers are, upon little emi- 
nences or papillae of the dermis, but they do not split up in 
the process of development as feathers do. In the Manis or 
Scaly Ant-eater the epidermic appendages are in the form of 
horny scales, and not uncommonly they are developed into 
long spines, as in the Echidna^ Porcupine, and Hedgehog. 
The only apparent exception to the universal presence of 
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hairs in some part or other of the skin of all Mammals is 
constituted by the Cetacea, the great majority of which are 
without hairs in the adult state. Some, however, occasionally 
possess a few bristles in the neighbourhood of the mouth even 
when fully grown. And the Dolphins, which are totally hair- 
less when adult, exhibit tufts of hair on the muzzle in the 
fcetal state. 

The claws, hoofs, and nails of Mammals, and the horny 
sheaths of the horns of the Cavicorn Ruminants, are also of 
the nature of epidermic growths. 

Lastly, the Armadillos are remarkable for having plates of 
bone developed in the dermis over a greater or smaller por- 
tion of the surface. 

Distribution of Mammalia in Time. — As a matter of 
course, the remains of Mammals are scanty, and occupy but 
a small space in the geological record, since the greater 
number of the Mammalia are terrestrial, and the greater num- 
ber of the stratified fossiliferous deposits are marine. The 
Mammals, too, are the most highly organised of the entire 
sub-kingdom of the Vertebrata ; and therefore, in obedience to 
the well-known law of succession, they ought to make their 
appearance upon the globe at a later period than any of the 
lower classes of the Vertebrata, Such, in point of fact, is to a 
great extent the case ; and if the geological record were perfect, 
the law would doubtless be carried out to its full extent. 

It is in the upper portion of the Triassic rocks — that is to 
say, not long after the commencement of the Mesozoic or 
Secondary epoch — that Mammals for the first time make their 
appearance ; three or four species being now known in a zone 
of rocks i)laced at the summit of the Trias, just where this 
formation begins to pass into the Lias. "J'he earliest of these 
— the oldest known of all the Mammals — appears at the upper 
part of the Upper Trias (Keuper) and also at its very summit 
(Penarth Beds), and has been described under the name of 
Microlestes antiquus. The nearest ally of Microlestcs amongst 
existing Mammals would seem to be the Marsupial and insec- 
tivorous Myrmecobius, or Banded Ant-eater of Australia. As 
only the teeth, however, of Microlestes have hitherto been dis- 
covered, it is impossible to decide positively whether this 
primeval Mammal was Marsupial or Placental. 

The next traces of Mammals occur in the Stonesfield Slate 
(Lower Oolites), and here four species, all of small size, are 
known to occur. Most of these were Marsupial, but it is 
possible that one was placental. They form the genera Amphi- 
lesics, Afuphitherium, Phascolotherium, and Stereognatlius, After 
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the Stonesfield Slate another interval succeeds, in which no 
Mammalian remains have hitherto been found; but in the 
fresh- water formation of the Middle Purbeck — at the top, 
namely, of the Oolitic series — as many as fourteen small Mam- 
mals have been discovered. These constitute the genera 
Plagiaulax^ Spalacotherimiy Triconodotty and Galestes, In the 
Jurassic rocks of North America, as in those of Europe, 
small Mammals (belonging to the Marsupials, and referable 
to the family of the Didelphidct) have been discovered. An- 
other gap then follows, no Mammal having hitherto been dis- 
covered in any portion of the Cretaceous series (with doubtful 
exceptions). 

Leaving the Mesozoic and entering upon the Kainozoic 
period, remains of Mammals are never absent from any of the 
geological formations. From the base of the Eocene rocks 
up to the present day remains of Mammals commonly occur, 
constantly increasing in number and importance, till we arrive 
at the fauna now in existence upon the globe. 

The more important forms of fossil Mammals will be spoken 
of in treating of the separate Mammalian orders. 

Classification of the Mammalia. — Whilst there exists 
little divergence of opinion as to the orders into which the 
Mammalia may be divided, different authorities adopt different 
views as to the great primary divisions of the class. Here it 
will be sufficient to mention two modes of subdividing the 
Mammaliay of which the first will be accepted as sufficient for 
practical purposes. 

1. The Mammalia may be divided into two great primary 
divisions, according as the structure known as the placenta 
is present or absent. The “ placenta ” or ‘‘ afterbirth ” is a 
highly vascular organ which is developed upon the exterior of 
the envelopes of the foetus, and which is so closely connected 
with the inner wall of the uterus as to allow of an interchange 
of material between the blood of the embryo and that of the 
mother.’^’ The ‘‘ Placental ” Mammals are thus enabled to 
carry their young for a much longer period than are the 
‘‘ Implacental” Mammals, and hence the young animal in the 
former is born in a much more perfectly developed condition 
than in the latter. The sub class “ Implacentalia,” in which 
there is no placenta, comprises only the orders of the Mono- 

* No traces of vascular prominences comparable to the Mammalian pla- 
centa occur in any animals below the rank of Mammals, except in some 
Sharks and some Ascidians. In the Sharks, however, the vascular emi- 
nences* are developed from the umbilical vesicle, and not, as in Mammals, 
from the allantois. 
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tremaia and Marsupialia, The sub- class Placentalia^ in which a 
placenta is present, comprises all the other orders of Manmalia, 

II. The Mammalia may be divided as follows into three 
primary divisions according to the structure of the reproduc- 
tive organs. This arrangement was proposed by De Blainville, 
and is accepted by Huxley, Rolleston, Flower, and other dis- 
tinguished authorities : — 

a. Ornithodelphia, characterised by the fact that the uterine 
enlargements of the oviducts do not coalesce, even in their 
inferior portion, to form a common uterine cavity, but open 
separately as in the Birds and Reptiles. Furthermore, the two 
uteri open, not into a distinct vagina, but into a cloacal cavity, 
into which the rectum and ureters also discharge themselves ; 
so that the condition of parts is very much the same as it is 
in Birds. 

This division includes only the Duck-mole {priiitJwrhynchus) 
and the Porcupine Ant-eaters [Echidfia)^ forming collectively 
the single order of the Monotremata, 

b, Didelphia^ characterised by the fact that the uterine dilata- 
tions of the oviducts continue distinct throughout life, opening 
into two distinct vaginae, which in turn open into a urogenital 
canal, which is distinct from the rectum, though embraced by 
the same sphincter muscle. 

This sub-class contains the Marsupialia^ such as the Kan- 
garoos, Opossums, Wombats, &c., most of which are almost 
entirely confined to Australia. They have many other charac- 
ters in common which will be spoken of hereafter. 

III. Mofiodc/phia, characterised by the fact that the uterine 
enlargements of the oviducts coalesce to a greater or less 
extent to form a single uterine cavity, which, however, generally 
shows its true composition by being divided superiorly into 
two cornua. The uterus opens again into a single vagina, 
which is always distinct from the rectum. This sub -class 
corresponds with the division of the Placental Mammals, 
and includes all the Mammalia except the Monotremes and 
Marsupials. 
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CHAPTER LXIX. 

MONOTREMATA AND MARSUPIALIA. 

Order I. Monotremata. — The first and lowest order of the 
Mammalia is that of the Monotremata^ constituting by itself 
the division Omithode/phia^ and containing only two genera, 
both belonging to Australia — namely, the Duck-mole ( Orniiho- 
r/iynchus) and the Porcupine Ant-eater {Echidna). 

The order is distinguished by the following characters : — 
Ihe intestine opens into a ‘‘ cloaca^ which receives also the 
products of the urinary and generative organs^ which discharge 
themselves into a urogenital canal — the condition of parts being 
very much the same as in Birds. The jaws are either wholly 
destitute of teeth (Echidna) or are furnished redth four hortiy 
plates which act as teeth (Ornithorhynchus). The pectoral arch 
has some highly bird-like characters^ the most important of these 
being the extension of the coracoid bones to the anterior end of the 
sternum. An interclavicle is also present. The females possess 
no marsupial pouch, but the pelvis is furnished with the so-called 

ffiarsupial bones f being special ossifications of the internal 
tendons of the external oblique muscles of the abdomen. The 
testes of the male are abdominal throughout life, and there is 
tlierefore no scrotum, whilst the vasa deferentia open into the 
cloaca. The corpus callosum is very small, and has been 
asserted to be altogether wanting. There are no external 
ears. The 7na7nmary glands have no 7iipples, a7id their ducts 
open either hito a kmd of integimientary pouch (Echidna) or 
swtply on a flat surface (Ornithorhynchus). The young are said 
to be destitute of a placenta, or,.i7i other words, no vascular co7i- 
neclion is established betweeti the foetus a7id the 77iother. The feet 
have five toes each, armed with claws, and the males carry 
perforated spurs on the back of the tarsus (attached to a sup- 
plementary tarsal bone). 

The order Mo7iot7‘cmata includes only the two genera 07mi- 
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thorhynchus and Echidna (or Tachyglossus) — the one repre- 
sented by a single species {O, paradoxus or anatimis), and the 


Fig. 357.— Osteology of Monotremes. A, Skull oi Echidna hystrix, B, Side view of 
the skull of Orni thorhynchus anatinus, and C, lower jaw of the same, viewed from 
above, showing the horny dental plates (w), D, Sternum and adjacent parts of the 
skeleton of a young Ornitkorhynchus : c c Clavicles; i Intorclaviclc ; p Praster- 
num ; ins, Mesosternum ; rr Vertebral ribs; rV Intermediate ribs ; fr Sternal ribs. 
(A, IJ, and C are after Giebel ; D is after Flower.) 

other by four species (7s. hysirix, E, setosa, E, Lawesi, and E, 
Bruijnii), All are exclusively confined to the Australian 
province. 

The Ornithorhynchus or Duck-mole is one of the most ex- 
traordinary of Mammals. The body (fig. 358) resembles that 
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produced to form a beak just like that of a duck in appearance; 
hence the name of “ Duck-billed animal/* often applied to it. 
The margins of the jaw are sheathed with horn, and are fur- 
nished with transverse horny jdates, two in each jaw (fig. 357, 
B and C) : but there are no true teeth. The sternum (fig. 
357, D) is of five pieces, and there are sternal ribs. The 
nostrils are placed at the apex of the upper mandible. The 
legs are short, and the feet have five toes each, furnislied with 
strong claws, which enable the animal to burrow with facility. 
The toes are also united by a membrane or web, so that the 
animal swims with great ease. The Ornithorhynchus is ex- 
clusively found in Australia, ranging as far north as Queens- 
land, and inhabits streams and ponds. Its food consists 
chiefly, if not exclusively, of insects, and the animal makes 
very extensive burrows in the banks of the rivers which it 
frequents. The young are born quite blind, and nearly naked, 
and the method in which they obtain milk from the mother is 
somewhat obscure, as there are no nipples, nor is there any 
marsupial pouch. It is certain, however, that the beak of the 
young animal is extremely different from what it is in the adult 
condition. The young animal is totally hairless, the mandibles 
are soft and flexible, the tongue is not placed far back in the 
mouth (as it is in the adult), and the eye is at first covered by 
the skin. 

The genus Echidna (Tachyglossus) is represented by four 
species — viz,,E. hystrix, E, se/osa, E. Lawesi^ and E, Bruijnii^ 
the first being Australian, and the second Tasmanian, whilst 
the two last occur in New Guinea. The Echidna hystrix is 
the best-known species, and in some external respects is not 
unlike a large hedgehog, having the back covered with strong 
spines, interspersed with a general coating of bristly hairs. 
The snout has not the form of a duck*s bill, as in the Oniitho- 
rhynchus, but tlie two jaws £ire greatly elongated, and are en- 
closed in a continuous skin till close upon their extremities, 
where there is a small aperture for the protrusion of a very 
long and flexible tongue. The jaws (fig. 357, A) are wholly 
devoid of teeth or anything in the place of teeth ; and the 
nostrils are placed at the extremity of the cylindrical snout. 
The feet have five toes each, furnished with strong curved 
digging claws, but the toes are not webbed. There are no 
nipples, but the ducts of the mammary glands open at the 
bottom of two integumentary pouches, which are said to be 
sufficiently capacious to hold the young when first born. The 
Echidna hystrix measures from fifteen to eighteen inches in 
length, and is a nocturnal animal. It lives in busrows and 



VERTEBRATA: MAMMALIA. 659 


feeds upon insects, which it catches by protruding its long and 
sticky tongue. 

As regards the distribution of the Mofiotremes in time, no 
fossil remains referable to the order have ever been discovered, 
with the exception of a gigantic Echidna, recorded by Mr 
Krefft as occurring in the Post-tertiary deposits of Australia. 

Order II. Marsupialia. — The order Marsupialia con- 
stitutes by itself the sub-class Didelphia, and forms with the 
Monotremata the division of the Non-placental Mammals. 
With the single exception of the genus Didelphys, which is 
American, all the Marsupialia belong to the Melanesian pro- 
vince ; that is to say, they all belong to Australia, Van Die- 
men’s Land, New Guinea, and some of the neighbouring 
islands.* 

The following are the characters which distinguish the 
order : — 


The skull is composed of distinct cranial hones united by sutures, 
and they all possess true teeth ; whilst the any;le of the loioer jaw 
is almost always inflected. 

The pectoral arch has the /"j 

saine form as in the higher 

Mammals, and the coracoid .WflTW. feiHL 

no longer reaches the anterior / j 

end of the sternum. All pos- 1 ‘ ^ 

sess the so-called marsupial \ 

ho ties P or cartilages, attached 

to the h rim of the pelvis. The 

corpus callosum is very small. Fig. 359. — T/Ower jaw of the Wombat, viewed 
and has been asserted to he ah- iht jaw"!'""'^^ 

se7it. The yoiuig Marsupials 

are horn ifi a very imperfect coiidition, of very small size, and at a 
stage 7cdien their developmetit has proceeded to a very lim ited degree 
only. (In the Kangaroo the period of gestation is only thirty- 
nine days, and in the Didelphidce it is only fifteen or seventeen 
days.) There is no placenta or vascular communication hetufeen 
the mother and foetus, parturitioji taking place before any neces- 
sity arises for such an ay'rangemejit. As the young are horn in 
such an imperfect state of development, special ai'rangements at'e 
required to secm‘e their existence. When horn, they are therefore, 
in the great majority of cases, transfertxd by the 7nother to a 


* One Kangaroo {Macropits Bnnjnii) is found in the Indian Archipelago, 
along with five Phalangers, which differ from the Australian forms in hav- 
ing the tail partially or entirely naked or scaly. There are also Tree- 
kangaroos, and the curious Cnscus, distinguished by a prehensile tail, 
large eyes, ^nd slow progression. 
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peculiar pouch formed by a folding of the integument of the abdomen. 
This pouch is known as the “ marsupiumf and gives the name 
to the order. Within the marsupium are contained the nipples^ 
which are of great length. Being for some time after their birth 
extremely feeble, and unable to perform the act of suction, the 
young within the pouch are nourished involuntarily, the mam- 
mary glands being provided with special muscles which force 
the milk into the mouths of the young ; while the windpipe is 
prolonged up to the posterior nares, where it is embraced by 
the soft palate, so that the food passes on each side of the 
trachea, and there is no risk of suffocation. At a later stage 
the young can suckle by their own exertions, and they leave 
the pouch and return to it at will. In a few forms there is no 
complete marsupium as above described ; but the structure of 
the nipples is the same, and the young are carried about by 
the mother, adhering to the lengthy teats. 

The so-called “marsupial bones” (fig. 360) doubtless serve 
to support the marsupial pouch and its contained young, but 
this cannot be their sole function, 
since they occur in the male Marsu- 
pials and also in the Monotremes, in 
which there is no pouch. It is be- 
lieved by Owen tliat the function of 
the marsupial bones is to assist in 
the action of the mammae and testes, 
serving respectively as a fulcrum for 
the muscle spread over the mam- 
mary gland and for the cremaster. 

The oviducts open into vaginal 
tubes which open into a urogenital 
canal ; but this does not open into 
a “cloaca,” though embraced by a 
sphincter muscle common to it and 
to the rectum. In other words, the 
vagina is separated wholly or in great 
part into two distinct tubes, but these 
open apart from the intestine. I'he 
testes are not abdominal throughout 
life as in the Monotremes, but are 
lodged in a scrotum. This, however, 
is placed in front of the penis, and 
not beneath the pubic arch as in most Mammals. PTom this 
unusual position of the scrotum, it is regarded by Owen as 
being the same structure as the marsupial pouch of the female, 
turned inside out. 



rig. 360.— One side of the pelvis 
of a Kangaroo, showing the 
“ marsupial bones” (w). (After 
Owen.) 
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Though they form an extremely natural order, sharply sepa- 
rated from all the rest of the Mammals, the Marsupials form 
a large and varied group. In fact, this order, from being the 
almost exclusive possessor of a continent as large as Austra- 
lia, has to discharge in the economy of nature functions which 
are elsewhere discharged by several orders. 

The Marsupialia are divided by Owen into the two primary 
sections of the Diprotodoiitia and Fo/yprotodontia^ comprising 
the following subordinate divisions : — 

(A.) Diprotodontia. — Lower incisors two in number; 
canines rudimentary or wanting; molars mostly with broad 
crushing crowns. 

a, Rhizophaga . — In this section is the well-known An^stralian 
animal the Wombat {Fhascolomys fossor)^ often called by the 
colonists the “ badger.*^ The Wombat is a stout, heavy 
animal, which attains a length of from two to three feet. The 
legs are very short and stout, and the animal burrows with 
case by means of strong, curved digging-claws, with which the 
fore-feet are furnished. The tail in the Wombat is (luite rudi- 
mentary, and the whole body is clothed with a brown woolly 
hair. In its dentition (fig. 361) the Wombat presents a curious 



Fig. 361. — Skull of Wombat. (Aftei Gifcbel.) 


resemblance to the herbivorous Rodents. There are two 
incisors in each jaw, and these are long and rootless, growing 
from permanent pulps. There are no canines, so that the 
incisors and prscmolars are separated by a considerable si)ace. 
The dental formula is — 




fZli- 

4—4 


^ 24. 
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1 he praemolars and molars agree with the incisors in growing 
from permanent pulps, in which respect the Wombat difters 


Fig. 362. — Skull of Macropits Bcnnetti. (After Giebel.) 

from all the other Marsupials, and agrees with the herbivorous 
Rodents, with those Edentata which have teeth, and with the 
extinct Toxodon (Owen). 

The Wombat is a nocturnal animal, and feeds chiefly upon 
roots and grass ; and it is found in both 
Australia and Van Diemen’s Land. 

b, Pocphaga . — In this section are. the Kan- 
garoos {Macropodidce) and the Kangaroo-rats 
or Potoroos {Hypsipryninus\ all strictly phy- 
tophagous. The Kangaroos are distinguished 
by the disproportionate length of the hind- 
limbs, and disproportionate development of 
the posterior portion of the body as com- 
pared with the fore-limbs and fore-part of the 
body. The hind-legs are exceedingly long 
and strong, and the feet are much elongatecl 
— the whole sole being applied to the ground. 
The hind-feet (fig. 363) have four toes each, 
of which the central one (the 4th toe) is by 
far the largest, and the two inner toes (the 
2d and 3d toes) are very small, and are united 
by a common integument. The hallux is 
wanting altogether. The tail is also extreme- 
ly long and strong, and is of great assistance 
to the animal when standing upright upon the 
hind-limbs. From the length and strength of 
Fi.!?. 363 — Hind-foot of the hiiid-limbs and hind-feet, the Kangaroos 
(After Flower). are enabled to effect extraordinarily long 

' and continuous bounds. In fact, leaping is 

the ordinary mode of progression in the typical Kangaroos; 
and when walking upon all fours their locomotion is slow and 
ungraceful. The anterior extremity of the body is very dimin- 
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utive as compared with the posterior, and the fore-limbs are 
quite small, but have five well- developed toes armed with 
strong nails. The head is small, with large ears, and the 
dental formula is — 

. 1 o — o . I — I 4 — 4 o 

/ ^ ; c ; pm - ; m - — - ~ 28. 

I — I o — o I — 1 4 — 4 

There are therefore six upper incisors, two lower incisors (the 
latter horizontal, fig. 362), and no functional canines (though 
rudimentary upper canines are present in the young of some 
of the Kangaroos, at any rate). The stomach is complex, and 
sacculated. The Kangaroos are all herbivorous, and mostly 
live, either scattered or gregariously, on the great grassy plains 
of Australia. The ‘‘Tree-kangaroos,** however, (constituting 
the genus Dc 7 idroIa<^us) live mostly in trees ; and in adapta- 
tion to this mode of life, the fore-legs are nearly as long and 




FijT. 364. — A, Dentition of a herhivorons Marsupial t showing 

the upper canine (c) and the grooved first pr.-emolar {a a ) ; B, Lower jaw of an 

entoinophagous Marsupial obesula^', C', I.owerjaw of a predatory Mar- 

supial {Dasyurus ursinus). (After Giebcl and Waterhouse.) 

strong as the hind-legs, the tail is not used as a support, and 
the claws are long, curved and pointed, while small upper 
canines are present. They are natives of New Guinea. The 
“Rock-kangaroos** form the genus Petrogale^ and inhabit the 
mountainous regions of North-western Australia. 
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The Kangaroo-rats {Hypsiprymnus) differ from the true 
Kangaroos chiefly in their smaller size, and in the presence of 
well -developed upper canines (fig. 364, A), and in having 
scaly- tails. They are diminutive nocturnal animals, and they 
live mostly upon roots. 

c, Carpophaga , — Intermediate between the Kangaroos and 
the typical members of the present section (the Phalangers) 
is the Phascolarctos — the “native sloth or “bear” of the 
Australian colonists, and the “ koala” of the natives (fig. 365), 
This curious animal is about two feet in length, having a stout 



Fig. 365. — Koala or Kangaroo-bear ^Phascolarctos cinereus) (After Gould.) 


body, covered with a dense bluish-grey fur. The tail is want- 
ing; and the feet are furnished with strong curved claws, 
which enable the animal to pass the greater part of its exist- 
ence in trees. In this it is greatly assisted by the fact that all 
the feet are prehensile, the hallux being opposable, and the 
digits of the fore-limb divided into two sets, the thumb and 
index-finger being opposable to the other fingers. The dental 
f ormula is — 




I — I 4 — 4 

pm - \m ^ ^ = 30. 

1— I 4—4 


The koala is a slow animal which feeds on the foliage of the 

trees in which it spends its existence. • 
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The typical group of the carpophagous Marsupials is that of 
the Phalangistida or Phalangers, so called because the second 
and third digits of the hind-feet are joined together almost 
to their extremities. The ‘family includes a number of small 
Marsupials, fitted for an arboreal existence, to which end the 
hallux is opposable and nail-less, whilst the four remaining 
toes of the hind-feet have long curved claws. The tail, too, 
is generally very long, and its tip is usually prehensile. The 
Phalangers are all small nocturnal animals which live upon 
fruits and other vegetable food. The best known of them is 
the Australian Opossum or Vulpine Phalanger {Pha/angista 
viilpina), which must not be confounded with the true or 
American Opossums, which belong to another section of the 
Marsupialia. The Phalangers, namely, are distinguished from 
the Opossums properly so called, amongst other characters, 
l)y their dentition, the canine teeth being always very small 
and functionally useless in the lower jaw, and sometimes in 
the upper jaw as well. The Phalajtgista vulpitia is nocturnal 
and arboreal in its habits, and its flesh is esteemed a great 
delicacy l)y the native Australians, with whom opossum-hunt- 
ing is a favourite pursuit. 

The flying Phalangers or Peiaitri are closely allied to the 
true Phalangers, but differ in not having a prehensile tail, and 
in having a fold of skin extending on each side between the 
sides of the body and the hind and fore limbs. By the help 
of these lateral membranes the Petauri can take extensive leaps 
from tree to tree \ but though called “ flying ” Phalangers, they 
have no power of flight properly so called. They are beauti- 
ful little animals, nocturnal in their habits, and having the body 
clothed with a soft and delicate fur. 

(B.) PoLYPROTODONTiA. — Lower incisors more than two in 
number ; canines more or less well-developed ; molars cuspi- 
date or with sectorial crowns. 

d, Entomophaga. — In this section the jaws are always fur- 
nished with canine teeth, but these are not of very large size, 
and the animals composing the section are therefore not highly 
]>redaceous, but “ prey, for the most part, on the smaller and 
weaker classes of invertebrate animals.” In this section are 
the Bandicoots ( Peramelidce), the American Opossums {Didei^ 
p/iidce)y and the Banded Ant-eater (Myrmecobius), 

The Bandicoots {Peratnelidce) are small Australian animals, 
which appear to fill the place of the Hedgehogs, Shrew-mice, 
and other small Insectivora of the Old World. The molars are 

* The j;iame “Bandicoot” properly belongs to the Great Rat {Mus 
gigantms) of India. 
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cuspidate, and canines are present (fig. 364, B). The dental 
formula is-r- 

i ^ ^ ; pm ^ ^ ; m = ^g. 

3.-3 i_i ^ 3_3 4^4 

The hind-limbs in the Bandicoots are considerable longer than 
the fore-limbs, and their progression is therefore by a series of 
bounds. The fore-limbs have really five toes each, but only 
the central three of these are well developed, the outermost 
and innermost digits being rudimentary. The three functional 
toes are armed with long strong claws, with which the Bandi- 
coots burrow with great ease. The marsupial pouch — and 
this is a singular point — opens backwards instead of forwards. 
In the nearly-allied genus Chceropus^ also from Australia, the 
fore-foot has only two functional digits (the 2d and 3d), the 
I St and 5 th digits being wanting, and the 4th being rudimen- 
tary; while the 4th digit of the hind-foot is the only func- 
tional toe. . 

The second family of this section — namely, the true Opos- 
sums or Didelphidcz — is remarkable in being the only group of 
the whole order which occurs out of the Australian province. 
The DidclphidcZy namely, are exclusively found in North and 
South America, where they are known as “Opossums.’* A 
considerable number of species is known, but they are mostly 
of small size, the largest measuring not more than from two 
to three feet, inclusive of the tail. The Virginian Opossum 
{Didclphys Vir^iniaficC) is the only member of the family which 
is found in North America, and it was the earliest Marsupial 
known to science ; its place in South America being taken by 
the widely-distributed Didelphys U Aza^’CR. Most of the Opos- 
sums are carnivorous, feeding upon small quadrupeds and 
birds, but they also eat insects, and sometimes even fruit. 
One species (Didelphys cancrivord) lives chiefly upon Crabs ; 
and the Yapock (Cheironectes) has webbed feet, and leads a 
semi-aquatic life. All the Didelphidm have the hallux nail-less 
and opposable to the other toes, so as to convert the hind-feet 
into prehensile hands, and all have a more or less perfectly 
prehensile tail, these being adaptations to an arboreal life. 
The marsupial pouch is sometimes not present in a complete 
form, but is merely represented by cutaneous folds of the 
abdomen concealing the nipples. In the Didelphys dorsigera, 
in which this peculiarity obtains, the young soon leave the 
nipples, and are then carried about on the back of the mother, 
to whom they cling by twining their prehensile tails round 
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hers. The dentition of the Opossums (fig. 366) is remarkable 
for the great number of the incisor teeth, the dental formula 
being — 


/ 5 5 . 

4—4 



pm^ V '"r A = so- 
3 — 3 4~4 


The canines are well developed, and the crowns of the 
molars are cuspidate. 



The Banded Ant-eater {Myrmecobius fasciains) is a small 
but extremely elegant little animal, which inhabits Western 
and Southern Australia, and lives upon insects (fig. 367). The 
tail is bushy, and differs from that of the Didelphidce in not 
being prehensile. The fore-feet have five toes armed with 
claws \ the hind-feet have only four toes. The Myrnucohius 
is remarkable for the extraordinary number of molar teeth, in 
which it exceeds any existing Marsupial, and is only surpassed 
by some of the Armadillos. The dental formula is — 


• 4 — 4 

3—3 



pm 


3”3 


6—6 

6—6 


54. 


SarcopJia^a. — This is the last section of the existing Mar- 
supials, and includes a number of predaceous and rapacious 
forms, which fill the place held elsewhere by the true Carnivora, 
They are distinguished by the fact that the intestine is desti- 
tute of a ctecum, and by their strictly carnivorous dentition, the 
canines being strong, long, and pointed, whilst the molars and 
prsemolars have cutting edges furnished with three cusps (fig. 
364, C). The best-known species of this section are the Thy- 
lacinus cy 7 io€ephalus and the Dasyurus nrsiniis. The former 
of these is the largest of the rapacious Marsupials, being about 
as big as a shepherd’s dog. It is a native of Van Diemen’s 
I.and, anS is known to the colonists as the hyaena.” Its head 



668 


MANUAL OF ZOOLOGY. 


is very large, and the back exhibits several transverse black 
bands. The marsupial bones are peculiar in being represented 
only by permanent cartilages, and the marsupium opens back- 
ward. It lives in caverns and amongst the rocks in the wildest 
parts of the colony, and its numbers have been very much 
reduced by the constant war waged upon it by the settlers. 
The Dasyurus ursinus is also a native of Van Diemen^s Land, 
where it is known as the ‘‘ native devil.'* Though smaller than 
the Thylacine, the Dasyurus is extremely ferocious, and is 
capable of committing great havoc amongst animals even as 
large as sheep. The dental formula of Dasyurus is — 


4—4 . 

—3' 




ni 


4—4 ^ 
4—4 


42. 


The prremolars and molars are remarkable in the fact that 
they, all of them, possess sharp, serrated, cutting edges. 

As regards their distributiou in time^ the Marsupials are 
probably the oldest of Mammals hitherto discovered; but 
owing to the detached and fragmentary condition of almost 
all Mammalian remains — consisting mostly of the ramus of the 



Fi^. 367. — Myrmecobius fasciatus. 

lower jaw, or of separate teeth — it is not possible to state this 
with absolute certainty. The Microkstes of the Trias, the 
oldest, or nearly the oldest, of the Mammals, known only by 
its molar teeth (fig. 369), was probably a Marsupial ; but the 
evidence upon this point is not conclusive. In the Triassic 
rocks of America, also, perhaps at a lower horizon than that at 
which Microkstes occurs in Europe, has been found tile jaw of 
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a small Mammal, which is probably Marsupial, and has been 
named Dromatherium (fig. 368). 



Fig. 368. — Lower jaw of Dromatherium syh'estre* Fig. 369.— rtt Molar tooth of Micro- 
Trias, North Carolina. (After Emmons.) testes antiquus^ magnified; b 

Crown of the same, magnified 
still further. Trifft, Germany. 


In the next mammaliferoiis horizon, however — namely, that 
of the Stonesfield Slate in the Lower Oolites — there is no doubt 
but that some of the Mammalian remains, if not all, belong to 
small Marsupials (fig. 370). From this horizon the two genera, 
Phascolotherium and Amphitherium arc almost certainly refer- 
able to the Marsupialia ; the latter seeming to be most nearly 
related to the living Myrmecobins^ whilst the former finds its 
nearest living ally in the Opossums of America. The Stereo- 
gnathus of the Stonesfield Slate is in a doubtful position. It 
may have been Marsupial ; but, upon the whole. Professor 
Owen is inclined to believe that it was placental, hoofed, and 
herbivorous. 

In the middle Purbeck beds (Upper Oolite), where fourteen 
species of Mammals are known to exist, it is probable that all 



Fig. 370. — Oolitic Mammals, natural si/c. i. Lower jaw and teeth of Phascolotherium ; 
2. oi Triconodon ; 3. oi Amphitherium 1 4. oi Plagiaula.r. 


were Marsupial. All the Purbeck Mammalia were of small 
size, the largest being no bigger than a polecat or hedgehog. 
They form the genera Plagiaulax, Triconodon, and Galesfes, of 
which Plagiaitlax is believed to be most nearly allied to the 
living Kangaroo-rat {Hypsiprymnus) of Australia. 

In thS Tertiary series of rocks Marsupials arc of rare occur- 
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rence ; but Opossums, closely allied to the existing American 
forms, have been discovered in the Miocene and Eocene rocks 
of Europe, and have been referred to a distinct genus under 
the name of Peratherium, It is also interesting to note that 
the Upper Jurassic beds have recently yielded to the researches 
of Professor Marsh the first fossil Marsupials which have been 
detected in the North American continent in beds older than 
the Post-pliocene, and that these belong to an extinct type of 
the at present exclusively American family of the Didelphidce, 
The next occurrence of Marsupials is in the later Tertiary 
(Pliocene) and in the Post-tertiary epoch ; and here they are 
represented by some very remarkable forms. The remains in 
question have been found in the bone-caves of Australia — the 
country in which Marsupials now abound above every other part 
of the globe ; and they show that Australia, at no distant geo- 
logical period, possessed a Marsupial fauna, much resembling 
that which it has at present, but of forms comparatively of a 
much more gigantic size. In the remains from the Australian 
bone-caves almost all the most characteristic living Marsupials 
of Australia and Van Diemen's Land are represented ; but the 
extinct forms are usually of much greater size. We have 

Wombats, Phalangers, Flying 
Phalangers, and Kangaroos, 
with carnivorous Marsupials 
resembling the recent Thyia- 
cinus and Dasyurus, The two 
most remarkable of these ex- 
tinct forms are Diprotodon and 
Thylacoleo. In most essential 
respects Diprotodon resembled 
.}7i* — Skull of Diprotodon australis, the Kaiigaroos, tlic cleutition, 

especially, showing many points 
of affinity. The hind-limbs, however, of Diprotodon were by 
no means so disproportionately long as in the Kangaroos. In 
size Diprotodon must have many times exceeded the largest of 
the living Kangaroos, since the skull measures three feet in 
length (%. 371). The affinities of lliylacoleo are disputed. 
The great feature in the dentition is the presence in either jaw 
of one huge, compressed, and trenchant prsemolar. This is 
regarded as corresponding to the great cutting proemolar of 
the Kangaroo-rats {Hyps i pry mn us). Upon the whole, there- 
fore, Professor Flower concludes that “ Thylacoleo is a highly 
modified and aberrant form of the type of Marsupials now 
represented by the Macropodidte and Phalangistidce^ though not 
belonging to either of these families as now restricUd,” and 
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he believes that its diet was of a vegetable nature. On the 
other hand, Professor Owen is of opinion that Thylacoleo was 
probably carnivorous in its habits. This distinguished natu- 
ralist thus regards Thylacoieo as an ancient form of the Dipro- 
todont Marsupials (Kangaroos, &c.), adapted for carnivorism, 
but not anatomically related to the true Carnivorous or Poly- 
])rotodont Marsupials (such as Thyladnus and Dasyurus), 
Under any view of its habits, Thylacoleo is a very remarkable 
type of the Marsupials ; and it must have attained a very great 
size, since the length of the crown of the great prceniolar is 
not less than two inches and a quarter. 
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CHAPTER LXX. 

EDENTATA. 

Order III. Edentata or Bruta. — The lowest order of the 
placental or monodelphous Mammals is that of the Edentata^ 
often known by the name of Bruta. The name Edetitata is 
certainly not an altogether appropriate one, since it is only in 
two genera in the order that there are absolutely no teeth. 
The remaining members of the order have teeth, but these 
are always destitute of true enafuel, are never displaced by a 
second sety and have no complete roots. Further , in none of the 
Edentata are there any median incisorsy a?id in only one species 
(one of the Armadillos) are there any mcisor teeth at all. Canine 
teethy toOy are almost invariably wanting. Clavicles are usually 
present y but are absent in the Scaly Ant-eater (Manis). All the 
toes are furnished with long and powerful clatas. The mammary 
glands are usually pectoral, but are sometimes abdominal in 
position. The testes are abdominal in position. The skin is 
often covered with bony plates or horny scales. 

The placentation of the Edentates varies, the placenta being 
discoidal and deciduate in the Sloths (e.g.y Cholapus Hoffmamii)y 
but diffuse and non-decidua te in Manis (I'urner) — a fact which 
throws some doubt on the propriety of using the placental char- 
acters in classification. 

The order Edentata is conveniently divided into two great 
sections, in accordance with the nature of the food, the one 
section being phytophagous, the other insectivorous. In the 
former section is the single group of the Sloths (Bradypodidce). 
In the latter are the two groups of the Armadillos (Dasypodidce), 
and the various species of Ant-eaters (the latter constituting 
Owen^s group of the Edentuld). 

The order Edentata is but sparingly represented in modern 
times, and its geographical distribution is peculiar. The true 
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Ant-eaters, the Armadillos, and the Sloths, are entirely confined 
to South America, in which country a group of gigantic extinct 
Edentates existed in Post-tertiary times. The Scaly Ant-eater 
or Manis is common to Asia and Africa, and the genus Oryc- 
ieropus is peculiar to Africa. 

The family BradypodidcR (or Tardigradd) comprises some 
exceedingly curious animals, which are exclusively confined to 
South America, inhabiting the vast primeval forests of that 
continent. The Sloths have a remarkably short and rounded 
face, and the body is covered with hair. The mammae are 
two in number and pectoral in position ; and the tail is short 
or quite rudimentary. The incisor teeth are altogether want- 
ing (fig. 372, A), but there is always a small number of simple 



Fig. 372. — A, Side-view of the skull of Brtxdypns cuculliger; B, Side-view of the skull 
of Dasypus gigas. (After Giebel.) 

molars, and in the Two-toed Sloths or Unaus the first tooth in 
each jaw on each side is so much larger than the others, and 
so much more pointed, that it has been regarded as a canine. 
The malar bone is not directly articulated with the temporal 
bone, and it sends backwards two long processes, directed re- 
spectively upwards and downwards (fig. 372, A). The stomach 
is complex, somewhat resembling that of the Ruminants. The 
cervical vertebras are more than the normal seven in number in 
the Three-toed Sloth, and less than the normal in one of the two- 
toed speckjs; and the long bones have no medullary cavities. 

2 U 
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The most striking peculiarities, however, about the Sloths are 
connected with their mode of life. The Sloths, in fact, are 
constructed to pass their life suspended from the under surfiice 
of the branches of the trees amongst which they live ; and for 
this end their organisation is singularly adapted. The fore- 
limbs are much longer than the hind-limbs, and the bones of the 
fore-arm are unusually movable. All the feet, but especially 
the fore-feet, are furnished with enormously long curved claws 
(fig. 373), by the aid of which the animal is enabled to move 



Fig. 373. — Hand of Three-toed Sloth {Bradypus tridactylus). (After Owen.) 

about freely, suspended back downwards from the branches. 
Not only is this the ordinary mode of progression among the 
Sloths, but even in sleep the animal retains this apparently 
unnatural position. 

Owing to the disproportionate size of the fore-limbs, as com- 
];ared with the hind-limbs, and owing to the fact that the hind- 
feet are so curved as to render it impossible to apply the sole 
to the ground, the Sloth is an extremely awkward animal upon 
the ground, and it has therefore recourse to terrestrial pro- 
gression only when absolutely compelled to do so. Whilst the 
name of “ Sloth may thus appear to be a merited one from 
the point of view of a terrestrial Mammal, it is wholly unde- 
served when the animal is looked upon as especially adapted 
for an arboreal existence. In the Ai or Three-toed Sloth 
{Bradypus tridactylus) there are three toes to each foot, and 
these are short, completely rigid, and so enveloped in the in- 
tegument as to leave nothing visible except the enormously 
long 'and crooked claws. The hand and foot are Jointed to 
the arm and leg obliquely, so that the palm and sole cannot be 
applied to the ground, but are turned inwards. The unguaj 
phalanges are also so articulated that the claws ai^e bent in- 
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wards towards the palm or sole. There are sixteen pairs of 

ribs. The molars are ~ — 7, or ^ — 7, rootless, growing from 
47-4 5”“5 

permanent pulps, and consisting of a simple cylinder of den- 
tine enveloped in cement. In the Unau {Cholapus) the fore- 
feet are two-toed, and there are twenty-three pairs of ribs, the 
greatest number known in the Mammals. 

The second family of the Edentata is that of the Dasypodidce 
or Armadillos. These are found exclusively in South America, 
as arc the Sloths, but they are very different in their habits. 
The Armadillos are burrowing animals, furnished with strong 
digging-claws and well -developed collar-bones. They feed 
upon insects, worms, carrion, roots, and fruits. The jaws are 
provided with numerous simple molars (fig. 372, B), which 
attain the enormous number of nearly one hundred in the great 
Armadillo {Eriodontes gigas). The upper surface of the body 
is covered with a coat of mail, formed of hard bony plates or 
shields united at their edges (fig. 374). A portion of this 



three-banded Armadillo {Tolypeutes coutmts), one-third of the 
natural size. (After Murie.) 


armour covers the head and shoulders, and another portion 
protects the hind-quarters; whilst between these is generally 
a variable* number of movable bands which run transversely 
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across the body and give the necessary flexibility to this singu- 
lar dernvoskeleton. In most species this flexibility is so great 
that the animal can roll itself up like a hedgehog. The tail is 
likewise mostly covered with bony scutes. The spinous pro- 
cesses of the second cervical and of all the dorsal vertebrae are 
specially developed to carry the dermal shield. The sternum 
and first rib are expanded, and sternal ribs are present. 

The Armadillos are confined entirely to America, ranging 
from Mexico to Patagonia. In this country, also, have been 
found the remains of the gigantic armour-plated animals allied 
to the Armadillos, which will be subsequently described under 
the name of Glyptodoti, Amongst the best-known species of 
Armadillo are the Peba {Dasypus Peba)^ the Poyou {D. sex- 
cinctus), the Tatouay {P>. Tatouay\ the Pichiy {P, inimitns)^ 
the Peludo {D. villosus\ and the Great Armadillo {Priodontes 
gigas). A somewhat aberrant form is the ChlatnyphoruSj or 
Chlamydophorus^ of Chili, the total length of which is only 
about six inches. 

The remaining members of the Edentata are the various 
Ant-eaters; but these are so diflerent from one another in 
their characters that they form three distinct families, also dis- - 
tinguished by their geographical distribution. 

a. Myrmecophagidee, — This family is exclusively confined to 
South America, as are the two preceding, and it contains only 
the Hairy or true Ant-eaters. These curious animals feed 
chiefly upon Ants and Termites, which they catch with their 
long sticky tongues. The jaws are wholly destitute of teeth ; 
the body is covered with hair ; there is a long tail ; and the 
feet are armed with long and strong, curved digging-claws. The 
toes are united by skin up to the bases of the claws, as in the 
Sloths ; the ungual phalanges are articulated in the same way ; 
and the palms of the hands are similarly turned inwards, their 
sides carrying a callous pad. 

The best-known species of this family is the Great Ant-eater 
{Mynnecophaga juhata). This singular animal attains a length 
of over four feet, and has an extremely long and bushy tail. 
'Fhe jaws are produced to form a long and slender snout, 
which is entirely enclosed in the skin, till just at its extremity, 
where there is an aperture for the protrusion of the thread-like 
tongue. A bird -like character is the horny gizzard -like 
stomach. The anterior feet have four, and the posterior feet 
five toes, all armed with strong curved claws, which, in the 
case of the fore-feet, when not used in digging, are bent in- 
wards, so that the animal walks on the sides of the feet; 
whereas the soles of the hind-feet touch the groilnd. The 
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animal is perfectly harmless and gentle, when unmolested, and 
leads a solitary life. It lives mainly upon Termites, into the 
nests of which it forces its way by means of the powerful claws. 
When the Termites rush* out to see what is the matter, the 
Ant-eater captures them by thrusting out its glutinous tongue, 
an action which can be repeated with marvellous rapidity. 

In the closely-allied genus Tamandua the feet are four-toed, 
and the animal is arboreal in its habits, as is also the case with 
the Cyclothnrus, In the latter the fore-feet are two-toed, and 
the hind-feet are four-toed, with a rudimentary hallux. In ac- 
cordance with their mode of life these forms have prehensile 
tails, and in the last-mentioned genus well-developed clavicles 
are present. 

A Manidce . — This family includes only the Scaly Ant-eaters 
or Pangolins, all exclusively confined to the Old World, and 
found in both Africa and Asia. The whole of the body, limbs, 
and tail in the Ma?iidce is covered with an armour of horny 
imbricated plates, overlapping like the tiles of a house, and 
apparently consisting of agglutinated hairs. The legs are 
short, and furnished with four or five toes each, ending in long 
*and strong digging-claws; but there are no clavicles. The 
tongue resembles that of the Hairy Ant-eaters in being long 
and contractile, and capable of being exserted for a consider- 
able distance beyond the mouth. It is covered with a glutinous 
saliva, and is the agent by which the animal catches ants and 
other insects. The jaws are wholly destitute of teeth. When 
threatened by danger, the Pangolins roll themselves up into a 
ball, like the hedgehogs. The tail is comparatively long, and 
is covered with scales. Though very strong for their size, 
only one of the species {M, gigantea, of Africa) attains a length 
of more than three or four feet, inclusive of the tail. The 
best-known species are the Manis pentadactyla of India, and 
the Manis tetradactyla of Africa. Other species occur in Java, 
Sumatra, and China. 

c. Orycteropidce . — The last family of the living Edentata is 
that of the Orycteropidce^ comprising only the single genus 
Orycteropus, This genus comprises two or three species, the 
best known being O, capensisy which is peculiar to South Africa, 
and is known by the Dutch colonists as the “ Aardvark or 
Ground-hog. The animal is nocturnal in its habits, and lives 
upon insects. The body is elongated, and the tail is long, the 
species attaining a total length . of four feet or more. The 
zygomatic arch is complete. The legs are short, and the feet 
plantigrade, the anterior pair having four unguiculate toes, the 
posterior ^ive. The claws are strong and curved, and enable 
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the animal to construct extensive burrows. The skin is very 
thick, and is thinly covered with bristly hairs ; and the tail is 
hairy. The head is elongated, and the mouth small — devoid 



f 375- — Skull of 0>yctcropus capensis. 


of incisor and canine teeth (fig. 375), but furnished with a 

number of cylindrical molars The crowns of the molars 

are flat, and they are composed of dentine traversed by nu- 
merous dichotomising pulp-cavities, their cross-section resem- 
bling a piece of bamboo cut across. The tongue is long, flat, 
and slender, and is covered by a sticky saliva, by the aid of 
which the animal catches insects. The head i,s long and 
attenuated, the snout truncated and callous, and the ears large, 
erect, and pointed. Other species of Orycteropus occur in 
Senegal and Southern Nubia. 

As regards their distrilmtio 7 i in time, the oldest Edentates at 
present known occur in Europe, in which country no members 
of the order now exist. These arc the Macrotherium and 
Ancylothcrium of the Miocene Tertiary, both apparently allied 
to the Orycteropuhe, with affinities to the Manidce. The Plio- 
cene deposits of North America have yielded to the researches 
of Professor Marsh two large Edentates of the new genus Moro- 
thermmy and the Miocene deposits of the same country con- 
tain remains of another Edentate type {Moropus), It is, how- 
ever, in the Post-tertiary deposits of the American continent, 
and especially of South America — the present metropolis of 
the order — that we find the most abundant and the most re- 
markable remains of Edentate animals. Here, both in Post- 
pliocene superficial deposits and in cave-earths of the same 
age, ave meet with the remains of numerous Edentates often of 
gigantic size, but in the main representing the existing types. 

Thus the existing Sloths are represented in the Brazilian 
bone -caves by a number of extinct genera of Brhdypodidce, 
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whilst the Post-pliocene sands and gravels of the open country 
have yielded the bones of various huge Edentates, resembling 
the Sloths in most essential respects, but adapted for a terres- 
trial instead of an arbofeal life. Of these great “Ground- 
sloths” (Gravigrada\ the most remarkable are the Megathe- 
rium (fig. 376), which attained a length of eighteen feet, with 



Fig. 376. —Skeleton of Megatlurinm. Pos>t-tertiary, South America. 


bones as massive as, or more so than, those of the Elephant ; 
and the Mylodon and Mcgalonyx, both of which extended their 
range into the United States. 

In the same way the little banded Armadillos of South 
America were formerly represented by gigantic species, con- 
stituting the genus Glyptodon, The Glyptodofis (fig. 377) dif- 



377 - — Glyptodon clnvipcs. Pleistocene deposits of South Aniericn. 


fered from the living Armadillos in having no bands in their 
armour, so that they must have been unable to roll themselves 
up. It is rare at the present day to meet with any Armadillo 
over two or three feet in length ; but the length of the Glyp' 
todon clavipeSy from the tip of the snout to the end of the tail, 
was more than nine feet. 

The trunk-armour of Glyptodon is formed of nearly hexagonal 
bony scutes, forming a massive dome, for the support of which 
the skeleton is specially modified. Thus the last cervical 
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and first two dorsal vertebrae are anchylosed to form a single 
bone (“ trivertebral bone of Huxley), which articulates by a 
movable hinge-joint with the remaining dorsal vertebrae, which 
are likewise anchylosed to form a kind of ** tunnel or arched 
bridge of bone.” The last two lumbar vertebrae are also fused 
with the sacral and caudal to form a continuous bony mass, 
whilst the ilia are of enormous size. Numerous extinct forms 
of genuine Armadillos have also been found in the Brazilian 
bone-caves, one of them {Chlamydotherium) being as big as a 
Rhinoceros. 

Lastly, the South American Myrmecophagidce are represented 
in the Brazilian cavern-deposits by the extinct Glossotheriwn. 


CHAPTER LXXI. 

SIREN! A AND CETACEA. 

Order IV. Sirenia. — This order comprises no other living 
animals except the Dugongs and IManatees, which have been 
often placed with the true Cetaceans (Whales and Dolphins) in a 
common order. There is no doubt, in fact, but that the Sirenia 
present certain alliances to the Cetacea ; and though they are 
to be regarded as separate orders, yet, from one point of view, 
they may be considered as belonging to a single section, which 
has been called Mutilata^ from the constant absence of the 
hind-limbs. 

The Sirenia agree with the Whales and Dolphins in their 
complete adaptation to an aquatic mode of life (fig. 378) ; 
especially in the presence of a poiverful caudal fin, which differs 
from that of Fishes in being placed horizontally, and in being a 
fnere expansion of the integuments, not supported by bony rays. 
The hind-limbs are wholly wantmg ; * and there is 7 to sacnan. 
The anterior limbs (fig. 379) are converted wto swbnmmg-paddles 
or flipper s.^^ The snout is fleshy and well-da^elofcd, aiid the 
nostrils are placed on its upper surface, and not 07 i the top of the 
head, as in the Whales. Fleshy lips are present, and the upper 
one usually carries a moustache. Ears are wanting. Theskm 
is covered with scattered bristles. The head is not dispropor- 
tionately large, as in the true Whales, and is not so gradually 
prolonged into the body as it is in the latter. There may be 

* All the Sirenians possess a rudimentary pelvis, and in the extinct Hali’ 
therium a small femur is present in addition. 
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only six cervical vertebrae. The teats are two in number and 
are ‘‘thoracic/^ are placed on the chest. There are no 
clavicles, and the digits have no more than three phalanges 



each. The testes are retained throughout life within the ab- 
domen, but vesicul^e seminales are present. The anvnal is 
diphyodont {Matiatus\ or monophyodont (Nalicore) ; the perma- 
nent teeth consisting of molars with flattened croivns adapted for 
bruising vegetable food^ and incisors which are present in the 
young animal, at any rate. In the extinct Rhytina it does not 
appear that there were any incisor teeth ; while in all the 
existing genera, the front of the upper and lower jaws is pro- 
vided with rough horny pads or plates. 

The only existing Sirenia are the Manatees {Manatus) and 
the 1 )iigongs (Halicore), often spoken of collectively as ‘‘ sea- 
cows,” and forming the family of the Manatidce, 

The Manatees (fig. 380, B) are characterised by the posses- 
sion of numerous ^ to broad molars, which are 

9 — 9 II — II 

never all in use at one time, while there are two small upper 
incisors, which do not cut the gum. The tail-fin is oblong or 
oval in shape, and the anterior limbs (fig. 379) are furnished with 
nails to the four outer digits. One species {Manatus Ameri- 
canus) occurs on the east coast of North America, especially 
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in the Gulf of Mexico, and another (J/! Senegalensis) is found 
on the west coast of Africa. They are generally found in con- 



P 

Fig. 379. — rore-limb and hand of the Manatee {Manatns Amcricanus). 


siderable numbers about the mouths of rivers and estuaries, 
often ranging far inland, and they appear to live entirely upon 



Fig. 380. — A, Side-view of the skull of the Dugong (//<7//Vr?;v), showing the tusk-like 
upper incisors ; U, Side-view of the skull of Manatee (J/uuuifus). (After Cuvier.) 


sea-weeds, aquatic plants, or the littoral vegetation. They are 
large, awkward animals, with a dense, rugose, hairy skin, 
attaining a length of from eight to ten feet as a rule, but 
sometimes growing to a length of nearly twenty feet. 


The Dugongs {Halicore^ fig. 380, A) have 


.S— 5 
5—5 


or 


6 —^ 

6—6 


molar teeth in the young condition, but these are never all in 
use at one time. The molars are without enamel, and are 
single-rooted. Inferior incisors are present in the young ani- 
mal, but are wanting in the adult. The upper jaw carries 
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permanent incisors, which are entirely concealed in the jaw in 
the females, but which increase in size in the males with the 
age of the animal, till they become pointed tusks. Both upper 
and lower jaws are strongly bent down in front, and the de- 
flexed portions of the jaws bear horny plates. The anterior 
extremities are nail-less, and the tail-fin is crescentic in shape. 
In their general appearance and in their habits the Dugongs 
differ little from the Manatees, and they are often killed and 
eaten. They attain a length of from eight to ten, twelve, or 
more feet, and are found on the coasts of the Indian Ocean 
and its islands, extending their range to the north coast of 
Australia. The bones are remarkable for their extreme den- 
sity, their texture being nearly as close as ivory. 

The Manatees and Dugongs, as before said, are the only 
living Sirenia; but besides these there is a very singular form, 
the Rhytina Stclkri, wliich is now extinct, having been exter- 
minated by man within a comparatively recent period. This 
remarkable animal was discovered about the middle of the 
eighteenth century in a little island (Behring’s Island) off the 
coast of Kamtchatka. Upon this island the celebrated voyager 
Behring was wrecked, and he found the place inhabited by 
these enormous animals, which were subsequently described 
by M. Steller, who formed one of his party. The discovery, 
however, was fatal to the Rhytina, for the last appears to have 
been seen in the year 1768. The Rhytina was an animal of 
great size, measuring twenty-five to thirty-five feet in length, 
and twenty feet at its greatest circumference. There can 
hardly be said to have been any true teeth, but the jaws con 

tained ^ ^ large lamelliform fibrous structures, which offici- 
ated as teeth, and may be looked upon as molars. These 
singular structures are not teeth, in the true sense of this term ; 
but they are similar to the horny tuberculated plates found in 
the front of the mouth of the Dugong and Manatee, and the 
upper ones may be regarded as the equivalent of the anterior 
palatine pad of the Ruminants (Murie). The epidermis was 
extremely thick and fibrous, and hairs appear to have been 
wanting. There was a crescentic tail -fin, and the anterior 
limbs alone were present. 

As regards the distribution in time of the Sirenia, the oldest- 
known remains referable to the order are found in the Eocene 
Tertiary {Eotheriim), Of the same age is probably the inter- 
esting form described from the Tertiary deposits of Jamaica by 
Owen u*nder the name of Frorastomus sirenoidcs. This type 
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is remarkable as possessing upper and lower canines in addi- 
tion to molar and incisor teeth. The Miocene and Pliocene 
deposits of Europe have yielded remains of numerous Sireni- 
ans belonging to the genus Halitheriurn^ in which there are 
tusk -like upper incisors (as in Ilalicore)^ combined with en- 
amelled molars (as in Manaius)^ and in which a rudimentary 
femur is attached to the pelvis. Re- 
mains of Rhytina occur in the Post- 
pliocene of Siberia. 

Order V. Cetacea. — In this order 
are the Whales, Dolphins, and Por- 
poises, all agreeing with the preceding 
in their complete adaptation to an 
aquatic life (figs. 384 , 386 ). The body 
is C07npletely fish-like in form; the ante- 
rior limbs are converted into swimming- 
paddles or flippers the proximal 
bones of the fore-limbs are much reduced 
in lengthy and the succeeding bones are 
shortened and flattened^ and arc enveloped 
in a tendinous skin^ thus reducing the 
limbs to oar-like fins, the phalanges of 
some of the digits being sometimes in- 
creased in number (fig. 381 ); there are 
no external ears ; the posterior limbs are 
completely absent ; and there is a power- 
ful, horizo?itally - flattened, caudal fin, 
sometimes accoifipanied by a dorsal fin 
as well. In all these characters the 
Cetacea agree with the Shrnia, except 
in the one last mentioned. On the 
other hand, the fiostrils, which may be 
single or double, are always placed at the 
top of the head, constituting the so-called 
blo7Cf-holes^^ or spiracles and they 
are ne^'er situated at the €7id of a snout. 
The body of the adult is m general co7)i- 
pletely hairless. The testes are retained 
fifth ^ throughout life within the abdomen, 

and there are no vesiculse seminales. 
The teats are two in number, and are placed upon the groin. 
The hend is ge7icrally of disproportio7iately large size, a7id is nei^er 
separated from the body by any distinct cofistriction or fteck. The 
lumbar region of the spine is long, and, as in the Sirc7iia, 
there is no sacrum, and the pelvis is represented by 'a single 
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bone (the ischium) on each side. A rudimentary femur may 
be present, and Balcena mysticetus has a cartilaginous tibia as 
well. There are no clavicles, and the sternum is broad and 
flat in form. Lastly, the adult is either destitute of teeth, or, 
with the single exception of the Zeuglodo 7 itidce, is ni 07 iophyodont — 
that is to say, possesses but a single set of teeth, which are 
never replaced by others. When teeth are present, they arc 
usually cofiical and numerous, and, except in the Zeuglodonts, 
they are always of one kind otily. 

The skull is often un symmetrically developed, and the 
maxillae and praemaxillae are greatly prolonged. The nasal 
bones are short, and the nasal passages are vertically directed ; 
the epiglottis and laryngeal cartilages being prolonged behind 
the soft palate in the form of a cylindrical tube, which is 
practically continuous with the posterior nares, thus allowing 
the animal to swallow under water without choking. 

The Cetacea may be divided into the five families of the Balce- 
fiidce or Whalebone Whales, the Delphinidce or Dolphins and 
Porpoises, the Catodoniidce or Sperm Whales, the Rhynchoceti 
or Ziphioid Whales, and the Zeuglodontidce. Of these the Balce- 
nidce are often spoken of as the ‘‘ toothless Whales, whilst the 
other four families are called the “toothed” \l\i2\t'^{Odontoceti), 
Ram, I. Balcenidce, — The Balcenidce or Toothless Whales 
are characterised by the total absence of teeth in the adult 
(fig. 382). Teeth are, however, present in the foetal Whale, 



Fig. 382. — Skull of the Right Whale {Bahena mysticetus), (After Owen.) 


but they never cut the gum. The place of teeth is supplied 
by a number of plates of whalebone or “ baleen ” attached to 
the palate ; hence the name of “ whalebone whales ” often 
given to this family. They are the largest of living animals, 
and may be divided into the two sections of the Smooth Whales, 
in which the skin is smooth and there is no dorsal fin (as in 
the Greenland Whale), and the Furroived Whales, in which 
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the skin is furrowed and a dorsal hn is present (as in the so- 
called Fitlner Whales and Hump-backed Whales). 

The Greenland or “Right” Whale {Bahena mysticetus) will illustrate 
almost all the leading points of interest in the family. The Greenland 
Whale is the animal which is sought after in the whale-fishery of Europe, 
and hence the name of “Right” Whale often apjdied to it. It is an 
inhabitant of the arctic seas, and reaches a length of from forty to sixty 
feet. Of this enormous length, nearly one-third is made up of the head, 
so that the eye looks as if it were placed nearly in the middle of the body. 
The skin is completely smooth, and is destitute of hairs in the adult. The 
fore -limbs are converted into “flippers” or swimming- paddles, but the 
main organ of progression is the tail, Avhich often measures from twenty 
ti) twenty-five feet in breadth. The mouth is of enormous size, the upj)er 
jaw much narrower than the lower, and both completely destitute of teeth. 
Along the middle of the palate runs a strong keel, bordered by two lateral 
depressions, one on each side. Arranged transversely in these lateral 
depressions are an enormous number of horny plates, constituting what is 
known as the “baleen” plates, from which the whalebone of commerce 
is derived. The arrangement of the plates of baleen is as follows (fig. 
383) : Each plate is triangular in shape, the shortest side or base being 
deeply sunk in the palate. The outer edge of the plate is nearly straight, 
and is quite unbroken. The inner edge is slightly concave, and is fur- 
nished with a close fringe formed of detached fibres of whalebone. For 
simplicity’s sake each baleen-plate has been regarded here as a single plate, 
])ut in reality each plate is composed of several pieces, of which the outer- 
juost is by far the largest, whilst the others gradually decrease in size 
towards the middle line of the palate. The large marginal plates are from 
eight to ten or more feet in length, and there may be over one hundred on 
each side of the mouth. 

The object of the whole series of baleen-plates with which the palate is 
furnished, is as follows : The Whale is a strictly carnivorous or zoophagous 
animal, but owing to the absence of teeth and the comparatively small 
calibre of the oesophagus, it lives upon very diminutive animals. The 
Whale, in fact, lives mostly upon the shoals of small PterojKxlous Molluscs, 
Cnistacea, Ctenophora and McdiiS(€y which swarm in the arctic seas. To 
obtain these, the whale swims with the mouth opened, and thus fills the 
mouth with an enormous mass of water. The baleen - plates have the 
obvious function of a “screening apparatus.” 'I'he water is strained 
through the numerous plates of baleen, and all the minute animals which 
it contains are arrested and collected together by the inner fibrous edges 
of the baleen-plates. When, by a repetition of this process, the Whale 
has accumulated a sufficient quantity of food within the central cavity of 
the mouth, it is enabled to, swallow it, without taking the water at the 
same time. 

We have now to speak of a phenomenon which has given rise to a con- 
siderable amount of controversy — namely, what is known as the “blow- 
ing ” or “spouting” of the whale. In all the Cetaceans the nose opens 
by a single or double aperture (the latter in the Balcrnidu) upon the top 
of the head, and these external apertures or nostrils are known as the 
“blow-holes” or “spiracles.” The act known to the whalers as “blow- 
ing,” consists in the expulsion from the blow-holes of a jet of what is 
apparently water, or at any rate looks like it. This act is performed by 
the whale upon rising to the surface, and it is usually by this that the 
whereabouts of the animal is discovered. The old view as to what takes 
place in the act of blowing is, that the whale is really occupied 'in getting 
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rid of the surplus water which it has taken in at the mouth and strained 
through the baleen* plates. The modern and undoubtedly correct view, 
however, is, that the water which has been strained through the baleen 
really makes its escape at the. sides of the mouth, and does not enter the 
]:)harynx to be expelled through the nose. Upon this view the apparent 



383.- Diajiram of the l)aleen-plates of a Whale, a a Section of the palatal Mirface 
of the upper jaw, showing the strong median ridge or keel ; lialeeii-plates sunk at 
their base.s in the palate ; /" / Fibrous margin of balecn-platcs. 

rolumn of water emitted from the blow-holes in the act of blowing con- 
sists really of the expired air from the lungs, the contained watery vapour 
of which is suddenly condensed on its entrance into the cold atmosphere. 
With the expired air there may be such water as may have gained access 
to the nose through the blow-hole, for the expulsion of which proper pro- 
vision exists in the form of muscular diverticula of the nasal cavity. It is 
also possible that the column of air in being forcibly expelled from the 
blow-hole may take up with it some of the superincumbent water. 

The skin in the Right Whale is perfectly smooth and naked, but it is 
underlaid by a thick layer of subcutaneous fat, which varies from eight to 
fifteen inches in thickness, and is known as the “blubber.” The blubber 
serves partly to give buoyancy to the body, but more especially to protect 
the animal against the extreme cold of the medium in which it lives. It is 
the blubber wdiich is chiefly the object of the whale-fishery, as it yields the 
whale-oil of commerce. 

The whale which is captured in the South Atlantic is not the same 
species as the Greenland Whale, and is termed the JiaUena australis. It 
is much about the size of the Right Whale, averaging about fifty feet, but 
the head^is proportionately smaller. Another Atlantic species is the .5. 
Biscayensis, In the South Pacific occurs Bahena antipodanwi, and in the 
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North Pacific we meet with the B. Japonica along with the B, mysticetus 
or Right Whale of the North Atlantic (Van Beneden). 

The only remaining members of the Balisnidm which require notice are 
the Rorquals and Hump-backed Whales, constituting the group of the 
“Furrowed ” Whales. These are collectively distinguished by having the 
skin furrowed or plaited to a greater or less extent, whilst the baleen-plates 
are short, and there is a dorsal fin. The specific determination of these 
animals is a matter of great difficulty, but there would appear to be prob- 
ably three well-marked genera : i. The genus Megaptera^ including the 
so-called Ilump-backed Whales, in which the flippers are of great length, 
from one-third to one-fifth of the entire length of the body. 2. The genus 
Bahenoptera^ comprising the so-called Rorquals or Piked Whales, in which 
the flippers are of moderate size. 3. The Finner Whales proper (Physalus), 

In all these genera there is a dorsal adipose fin, so that they are all 
“Finner Whales.” The Bahmoptera reach a gigantic size, being some- 
times as much as eighty or one hundred feet in length. They are very 
active animals, however, and their whalebone is comparatively valueless, 
so that the whalers rarely meddle with them, though they are not uncom- 
mon, and are often driven ashore on our own coasts. 

Fa 7 JL 2. Catodoniidee, — The family of the Cafodontidee or 
Physeterida comprises the Sperm Whales or Cachalots, with 
which we commence the series of the toothed Whales (Odon- 
toceti). They are characterised by the fact that the palate is 
destitute of baleen* plates, and the lower jaw possesses a series 
(about fifty-four) of pointed conical teeth, separated by inter- 
vals, and sunk in a common alveolar groove, which is only 
imperfectly divided by septa. The upper jaw is also in reality 
furnished with teeth, but these do not cut the gum. 

The best-known species of this family is the great Cachalot or Sper- 



Fig. 384.— Spermaceti Whale {Physeter macrocephalus). 


maceti Whale {Physeter macrocephalus ^ fig. 384). This animal is of enor- 
mous size, averaging from fifty to seventy feet in length, but tHe females 
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are a good deal smaller than the males. The head is disproportion- 
ately large, as in the BaU^nida, forming more than one-third of the entire 
length of the body. The snout forms a broad truncated muzzle, and the 
nostrils are placed near the .front margin of this. The Sperm Whales 
live together in troops or “ schools,” and they are found in various seas, 
especially within the tropics. They are largely sought after, chiefly for 
the substance known as “spermaceti but besides this they yield oil and 
the singular body called “ambergris.” The spermaceti is a fatty sub- 
stance, which has the power of concreting when exposed to the air, being 
in life a clear white oily licjuid. It is not only diffused through the entire 
blubber, but is also contained in special cavities of the head. The sperm - 
oil yielded by the blubber is exceedingly pure, and is free from the un- 
pleasant odour of ordinary whale-oil. The ambergris is a peculiar sub- 
stance which is found in masses in the intestine, and is probably of the 
nature of a biliary calculus, since it is said to be composed of a substance 
very nearly allied to cholesterine. It is used both as a perfume itself, and 
to mix with other perfumes. 

Fajn, 3. DelphinidcR , — This family includes the Dolphins, 
Porpoises, and Narwhal, and is characterised by usually pos- 



Fig. 385. — Side-view of the skull of Delphinus tursio> (After Cuvier.) 

sessing teeth in both jaws : the teeth being numerous, and 
conical in shape (fig. 385). The nostrils, as in the last fam- 
ily, are united, but they are placed further back, upon the top 
of the head. The single blow-hole or nostril is transverse and 
mostly crescentic or lunate in shape. The head is by no means 
so disproportionately large as in the former families, usually 
forming about one-seventh of the entire length of the body. 

The most noticeable members of this family are the true 
Dolphins, the Porpoises, and the Narwhal. 

The Dolphins have an elongated snout, separated from the 
head by a transverse depression. The common Dolphin {Del- 
phinus delphis^ fig. 386) is the best-known species. It aver- 
ages from six to eight feet in length, and has the habit of 
swimming in flocks, often accompanying ships for many miles. 
The female, like most of the Cetacea^ is uniparous. The 
Dolphin occurs commonly in all European seas, and is espe- 
cially abundant in the Mediterranean. 

The common Porpoise {P/toceefta communis^ is the commonest and 
smallest of all the Cetacea, rarely exceeding four feet in length. The head 
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is blunt, and is not produced into a projecting muzzle. The Porpoise 
frequents the Atlantic, Pacific, Mediterranean, and Arctic Oceans, and the 
North Sea, and is commonly seen off our coasts. Another British species is 
the Grampus (Orca gladiator)^ but this is much larger, attaining a length 
of from eighteen to twenty feet. Nearly allied to the Grampus is the so- 
called “Caing” Whale, or, as it is sometimes termed, the Bottle-nosed 
Whale {Globicephalus melas or Pkocana giobiceps). This species occurs not 



Fig. 386.-— The common Dolphin {Delphinus delphii), 

uncommonly round the Orkney and Shetland Islands, and attains a length 
of as much as twenty-four feet. It is gregarious in its habits, and is often 
killed for the sake of its oil. 

Closely allied to the true Dolphins are some curious Cetaceans, belonging 
to three genera, but all inhabiting fresh waters. One of these is the Gan- 
getic Dolphin {Platanista Gangeticd)^ which inhabits the Ganges, especially 
near its itiouth. This singular animal is characterised by the great length 
of its slender muzzle, and by the small size of the eyes. It attains the 
length of seven feet, and the blow-hole is a longitudinal fissure, and there- 
fore quite unlike that of the typical Delphinuhr, Closely allied to this, or 
identical with it, is the Platanista Indi of the Indus ; while the Orcella 
fliwtinalis inhabits the Irawaddy. Another fresh-water form is the Inia 
Boliviensisy which inhabits the rivers of Bolivia, and is found at a distance 
of more than two thousand miles from the sea. Lastly, the Pontoporia 
Blainvillii is a small Dolphin which inhabits the rivers of the Argentine 
Republic and of Patagonia. 

The last of the Delphinidip is the extraordinary Narwhal or Sea-unicorn 
{Monodon vionoceros). The Narwhal is an inhabitant of the arctic seas, 
and attains a length of as much as fifteen feet, counting in the body alone. 
The dentition, however, is what constitutes the great peculiarity of the 
Narwhal. The lower jaw is altogether destitute of teeth, and the upper 
jaw in the females also exhibits no teeth externally, as a general rule at any 
rate, though there are two rudimentary canines (often looked upon as in- 
cisors) which do not cut the gum. In the males, the low’er jaw is likewise 
edentulous, but the upper jaw is furnished with two molar teeth concealed 
in the gum, and with two canines. Of these two upper canines, that of 
the right side is generally rudimentary, and is concealed from view. The 
left upper canine, on the other hand, is developed from a permanent pulp, 
and grows to an enormous size, continuing to increase in length through- 
out the life of the animal. It forms a tusk of from eight to ten feet in 
length, and it has its entire surface spirally twisted. As an abnormality, 
both the upper canines may be developed in this way so as to form pro- 
jecting tusks ; and it is stated that the tusk is occasionally present in the 
female. The function of this extraordinary tooth is doubtless dffensive. 
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Fam, 4. Rhynchoceti. — This family is allied to the Cachalots 
or Sperm Whales, and includes the so-called “ Ziphioid Whales. 
They are distinguished by the possession of a pointed snout 
(the “beak” or “rostrum”), single blow-hole, small dorsal 
fin, and dentition. The upper jaw is greatly extended and is 
edentulous, any teeth which may be present not cutting the 
gum. The lower jaw, on the other hand, possesses usually a 
single pair of teeth, sometimes two pairs, which are sometimes 
tusk-like, but which in other cases are concealed by the gum, 
and are always most conspicuous in the males. 

The rostrum of these Cetaceans is of great density, and has 
often been preserved in a fossil state, usually presenting itself 
as a bony cylinder or elongated cone, generally more or less 
water-worn. The most important living genera are Hyperoodon 
and Ziphius^ of which the former is found in the North Atlantic, 
and the latter in the Mediterranean and South Atlantic. The 
genera Berardius and Mesoplodon belong to the New Zealand 
province, species of the latter having been obtained at the 
Cape of Good Hope and on the coasts of Britain and France. 

Fam, 5. Zetiglodoniidce, — The members of this family differ 
from all existing Odonioccti in the possession of molar teeth 
implanted by two distinct fangs. Incisor teeth are likewise 
present, and the animal is diphyodont. The Zeuglodonts are 
entirely extinct, and they are exclusively confined to the 
Eocene, Miocene, and Pliocene periods. The chief genera 
are Zeiiglodon and Squalodon, 

Zeuglodofi (fig. 387) is distinguished by its elongated snout, 



3^7>—^i‘ugiodon ccioidrs. A, Molar tooth, natural size ; B, Vertebra, reduced. 
From the Middle Eocene of North America. (After Lyell.) 


conical incisors, and molar teeth with triangular serrated 
crowns, iAplanted in the jaw by two roots. Each molnr look<^ 
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as if it were composed of two separate teeth united on one 
side by their crowns ; and it is this peculiarity which is ex- 
pressed by the generic name. The species of Zeuglodon are 
Eocene and Miocene. The species of Squalodofi are Miocene 
and Pliocene. 

As regards the distribution of the Cetacea in time^ no mem- 
ber of the order has yet been detected in any Secondary 
deposit. The Zeuglodon ts, as just remarked, extend from 
the Eocene to the Pliocene, Zeuglodon itself being the oldest 
Cetacean at present known. The Ziphioid Whales begin in 
the Pliocene, as do the Catodontidce ; but the Delphinidce are 
known to occur in the Miocene. The BalcB?iid(B are not 
known to have existed earlier than the Pliocene. 


CHAPTER LXXII. 

UNGULATjL 

Order VI. Ungulata. — The order of the Ungulata, or 
Hoofed Quadrupeds, is one of the largest and most important 
of all the divisions of the Mammalia, It comprises three 
entire old orders — namely, the Fachydermata, Solidungula^ 
and Ruminantia, 

The first of these old divisions — that of the Pachydermata — 
included the Elephants, Rhinoceros, Hippopotamus, Tapirs, 
and the Pigs, all characterised, as the name implies, by their 
thick integuments. The name is still used to express this fact, 
though the order is now abandoned, and is merged with that 
of the Ungulata; the Elephants alone being removed to a 
separate order under the name of Proboscidea, 

The second old order — that of the Solidungula or Solipedes 
— included the Horse, Zebra, and Ass, all characterised by the 
fact that the foot terminates in a single toe, encased in an 
expanded hoof. The name Solidungula is still retained for 
these animals, as a section of the Ungulata, 

The third old order — that of the Ruminantia — includes all 
those animals, such as Oxen, Sheep, Goats, Camels, Giraffes, 
Deer, and others, which chew the cud or “ruminate,” and 
have two functional toes to each foot, encased in hoofs. The 
name Ruminantia is still retained for these animals, as consti- 
tuting a most natural group of the Ungulata, 

All these various animals, then, are now grouped together 
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into the single order of the Ungulafa, or Hoofed Quadrupeds, 
and the following are the characters of the order : — 

A// the four limbs are present^ and that portion of the toe which 
touches the ground is always encased in a greatly-expanded nail^ 
constituting a “ hoofl^ Only in a few extinct forms (the Cory- 
phodontidce) are there more than four full-sized toes to each limb. 
Owing to the encasement of the toes in hoofs ^ the limbs are useless 
for prehension^ and only subserve locomotion ; hence clavicles are 
always wanting in the entire order. There are always two sets 
of enamelled teeth^ so that the anbnal is diphyodont. The molar 
teeth are massive and have broad crowns^ adapted for grinding 
vegetable substances. 

In accordance with the number of the digits (fig. 388), the 



Fig. 388. — Feet of Ungulata. A, Fore-foot oS 'Xzc^vc {Tapir us Malay aims) \ B, Perisso- 
dactyle fore-foot of Rhinoceros Sumatrensis ; C, Artiodactyle foot of Pig (Sus 
scro/a). The figures indicate which of the normal five digits arc present in each foot. 
(After Flower.) 


order Ungulata is divided into two primary sections : The 
Perissodactyla, in which the toes or hoofs are odd in number 
(one or three, or, in the extinct Cory phodontidce^ five), and the 
Artiodactyla^ in which the toes are even in number (two or 
four). 

Perissodactyle Ungulates. 

Section A. Perissodactyla. — The section of the Perisso- 
dactyle iTngulates includes the Rhinoceros, the Tapirs, the 
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Horse and its allies, and some extinct forms, all agreeing in 
the following characters : — 

The hindjeet are odd-toed in all (fig. 388, B), and the fore-feet 
in all except the Tapirs and Broniotheridce. The dorso-lumbar 
vertebrce are never less than twenty-two m number. The femur 
has a third trochanter. The homs^ if present^ are not paired 
(except in the extinct genus Diceratherium^ and in the family of 
the Brontoiheridce), Usually there is only one horn, but if there 
are two^ these are placed in the middle line of the heady one behind 
the other (fig. 392). In neither case are the horns ever supported 
by bony horn-cores. The stomach is simplCy and is not divided 
into several compartments ; and there is a large a?id capacious 
ccecum. 


The three existing groups of Perissodactyle Ungulates — 



namely, the Horses, Tapirs, 
and Rhinoceroses — are widely 
removed from one another in 
many important characters ; 
but the intervals between 
them are largely filled up by 
an extensive series of fossil 
forms, commencing in the 
I.ower Tertiary strata. 

The section of the Perisso- 
dactyle Ungulates includes the 
following seven families : — 

Fam, I. Coryphodontidce , — 


^ This family comprises only a 

number of extinct Tapir-like 
animals, belonging to the Eo- 
cene period. The skull is of the Perissodactyle type, hornless. 


with small nasal bones. The brain is remarkably small, and 
the dentition is complete, the dental formula being — 


I — I . 4 — 4 % — X 

c ; pm ^ ^ : m^ ^ 

I— J 4—4 3—3 


The canines are not excessively developed, and the molars are 
of the Tapiroid type, having two transverse crests or ridges. 
The limbs are short, and both the fore-feet (fig. 389) and the 
hind-feet are furnished with five complete toes, all of which 
Carried hoofs. The genus Coryphodon is the principal or only 
one comprised in the family; and as it contains the only 
Ungulates with the complete number of five digits on each 
foot, it might with propriety be raised to the rank of a distinct 
section, equal with the sections of the Ferissodictyla and 
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Artiodactyla^ to which the name of Teleodactyla might be 
applied. 

Fam, 2. RhinocerotidcB, — This family comprises only a single 
living genus, the genus Rhinoceros^ unless, indeed, the little 
Hyrax is to be retained in this order. The Rhinoceroses are 
extremely large and bulky brutes, having a very thick skin, which 
is usually thrown into deep folds. The muzzle is rounded 


and blunt, and there are 


7—7 


grinders, with tuberculate crowns. 


The typical dental formula is- 


• I — I I o— o\ . ^o 

t I or ) \ c - 

I — I ' o — o' o 


I — o , 
o ' 


p7n 


4—4' 


m 


3 -3 = 32 or 28. 

3—3 


There are no canines ; and the incisors are often wanting in 
the adult (as in the living two-horned species), or may be in- 
creased in number (as in the extinct Acerotherium), The 
crowns of the praamolars and molars (fig. 390) exhibit two 
principal tracts of dentine, not filled up by cement. 



Fig. 390. — Teeth of the upper jaw of Rhinoceros indiens (after Cuvier). Molars; 

Prtemolars; i Incisor. 


The skull (fig. 391, B) is pyramidal, and the nasal bones are 
generally enormously developed. The nasal bones usually 
support one or two horns, which are not paired in any living 
form. The horn is composed of longitudinal fibres, which are 
agglutinated together, and are of the nature of epidermic 
growths, somewhat analogous to hairs. When two horns arc 
present, the hinder one is carried by the frontal bones, and is 
placed in the middle line of the head behind the anterior horn. 
The posterior horn is usually much shorter than the anterior 
one; and if not, it differs in shape. In the extinct genus 
Diceratherium of Marsh, from the Miocene of Oregon, there 
are two* horns placed transversely and symmetrically upon the 
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nasal bones. This singular form further diifers from the typical 
Rhinoceroses in having four toes to the fore-feet, whilst the 
hind-feet have only three. 

The development of the nasal bones in the Rhinoceroses 
varies greatly in accordance with the varying condition of the 
horns. In the extinct Acerotherium^ in which there are no 
horns, the nasal bones are greatly reduced in size. In the 
horned forms, on the other hand, not only are the nasal bones 
prolonged forwards over the nasal cavity; but the septum 
narium may be partially or completely ossified, thus strength- 
ening the basement of the anterior horn in the bicorn species. 



Fig. 391. — A, Side-view of the skull of Ta^irus Americanusl B, Side-view of the 
skull of Rhinoceros bicornts. (After Giebel.) 

The Rhinoceroses live in marshy places, and subsist chiefly 
on the foliage of trees. They are exclusively confined at the 
present day to the warmer parts of the Old World ; but several 
extinct species formerly ranged over the greater part of Europe. 
Of the one-horned species, of which there are three, the best 
known is the Indian Rhinoceros (^. Indicus or unicornis), 
which was probably the Unicorn ” of the ancients. Another * 
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species with one horn (I^. Sondaicus) inhabits the Malay 
Peninsula, Java, Sumatra, and Borneo. Of the two-horned 
species, one Sumatrensis) is found in Sumatra and the 
Malay Peninsula, and ‘is remarkable for the comparative 
absence of cutaneous folds. The best known, however, is the 
African Rhinoceros {R. bicornis) which occurs abundantly in 
Cape Colony and in the southern parts of the African con- 
tinent, extending its range to Nubia (fig. 392). Another 



Fig. 392. — Head of two-horned Rhinoceros (A*, bicornis). 


African species is the White Rhinoceros {R, simns), distin- 
guished from the preceding by its colour, the shortness of its 
upper lip, and the great length of the anterior horn ; and at 
least two otlier two-horned species are said to occur in the 
same country. 

Ram. 3. TapiridcB . — The Tapirs are characterised by the 
possession of a short movable proboscis or trunk. The skull 
(fig. 391, A) is pyramidal, like that of the pigs, and the nasal 
bones project over the nasal cavity. The skin is hairy and 
very thick. The tail is extremely short. The fore-feet (fig. 
388, A) have four toes each, but these are unsymmetrical (the 
little toe being smaller than the rest and not touching the 
ground), and the hind-feet have only three toes, all encased in 
hoofs. The dental formula of the Tapirs is — 


/3-3; ,1::^. ,^3=3 

3—3 I— I 3—3 3—3 


42 . 


The canines are of comparatively small size, and do not 
form projecting tusks ; and the molars and prremolars are of 
the ‘‘bilophodont** type, the crown of each showing two trans- 
verse or\)blique ridges separated by shallow valleys. 
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Several species of Tapirs are known, of which the most 
familiar is the American Tapir (7! Americanus\ which in- 
habits the vast forests of South America. It is a large animal, 
something like a pig in shape, but brownish black in colour, 
and having a mane. It is nocturnal in its habits, and is strictly 
phytophagous. The proboscis is employed in conveying the 
food to the mouth, and the nostrils are placed at its extremity. 
It attains altogether a total length of from five to six feet. 
Another species, with longer hair (T, villosus\ inhabits the 
Andes, and a still larger species (T, Malayanus) is found in 
Sumatra, Borneo, and Malacca. In this last, there is no 
mane, and the general colour is black ; but the back, rump, 
and sides of the belly are white. The Elasmognathus Bairdii 
occurs in Central America, and one or more species of the 
genus Tapirus {T Roulini and 71 leucogenys) have been dis- 
covered in the elevated regions of Ecuador and New Granada. 

Earn. 4 . Brontotherida, — We may provisionally place here 
the large fossil Mammals from the Miocene of North America, 
which Professor Marsh has described under the name of Bron- 
totheridcR, In these, the fore-feet have four nearly equal toes. 



393- — Skull ol Drontotherium ingens. (After Marsh.) 


and the hind-feet three, thus resembling the Tapirs. The 
skull is elongated, and a pair of very large horn-cores are 
carried upon the maxillaries and the anchylosed nasal bones 
in both sexes. The dental formula in Brontotherium is — 


2 — 2 


— ; c 


pm 


== 38. 


4-4 ,,, 3rz3 
3—3 3—3 

The ‘incisors are small; and the canines are short and not 
separated from the praemolars by any diastema, these latter 
being much smaller than the molars. The neck was long, and 
there seems to have been a long tail. The nose was probably 
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elongated and flexible, but there would not appear to have 
been a long proboscis. The Brontotheridce seem to be the 
successors of the Dinocerata of the Eocene. The chief genus 
is Brontotherium^ with which the Symborodon and Miobasileus 
of Professor Cope are more or less entirely synonymous. 

The genera Titanot/ierium, Megacerops, and Diconodon^ also 
belong to this group. 

Fam. 5. FalmtheridcR, — This family includes certain extinct 
Ungulates from the Eocene and Miocene Tertiary. They are 
characterised by the possession of three toes to all the feet, by 
having canines, and by the fact that the lower molars have a 
doubly crescentic form. The canines are longer than the 
other teeth, and the dental formula is — 

t : c : pm ^ — - : m ^ ^ = 44 . 

3 — 3 i — I 4 — 4 3 — 3 

The chief genus in this family is Palceotherium itself. Several 
species of this genus are known, varying in size from a sheep 



Fig. 394. — Grinding-surface of the molar and praemolar teeth of the upper jaw of 
Palicothermm crassum. (After Owen.) 


up to a horse. From the form and size of the nasal bones it 
is deduced, with great probability, that the PalczotheridcR pos- 
sessed a short movable proboscis or trunk. 

Fam, 6. Macrauchenidcc. — This family comprises the single 
genus Macrauchefiia from the late Tertiary deposits of South 
America. The animals included in this genus were of large 
size, with three-toed feet, and a third trochanter to the femur, 
but having cervical vertebrse of the type of those of the Came- 
lid(E, The general form of the skull is horse-like, and the in- 
cisors have a coronal pit. The teeth form nearly a continu- 
ous series, and the dental formula is — 


3—3 . 

—3' 



pm ^ ^ : m ^ ^ - 46 . 

4—4 3—3 


Fam, 7. Solidungula or Fquidce, — This family comprises the 
Horses, Asses, and Zebras, characterised by the fact that the 
feet, in living forms, have only a single perfect toe each, en- 
closed In a single broad hoof, without supplementary hoofs 
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(figs. 355 and 397, D). The functional toe is the 3d, and 
the 2d and 4th digits are represented only by rudiments of 
their metapodials (“ splint-bones ”), hidden beneath the skin. 
There is a discontinuous series of teeth (fig. 395) in each jaw; 



Fig. 395. — Skull of the Horse {Equus caballus). 


and in the males, canines are present, but these are wanting in 
the females. The dental formula is — 


3—3 . 

—3' 



I 




3 _ 3 . 3 — 3 _ Qj- 

3 — 3 3—3 


The skin is covered with hair, and the neck is furnished 
with a mane. 

As regards the dentition of the recent Eqtddce^ there are 


sometimes ^ ^ praemolars, but the first prremolar usually dis- 
4 — 4 

appears in adult life. The canines are of small size. The 
outer side of the molars (fig. 396) is deeply grooved, with two 
parallel sulci, to which internal ridges correspond, their length 
being very great, and the whole external surface being thickly 
coated with cement ; while the enamel-ridges and folds of the 
crown are filled in with the same substance. The enamel cover- 
ing the incisors is folded in at the crown, like the inverted 
finger of a glove, the tube thus formed being filled in with soft 
cement ; and it is the wearing down of this with age which con- 
stitutes the “ mark.” 

The family EquidcE is divided by Dr Gray into two sections 
or genera: Equus^ comprising the Horse; and Asinus com- 


vertebrata: mammalia. 
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prising the Asses and Zebras. Many authorities, however, 
place all the existing forms under the single genus Eqiius, 
The genus Equus is distinguished by the fact that the 
animal is not banded, and has no dorsal line ; both the fore 
and hind legs have warts, and the tail is hairy throughout. 
The genus appears to contain no more than one well-marked 



Fig. 396. — Grinding-.surface.s of the last praiinolar and of the three true molars 
of the upper jaw of the Horse. (After Cuvier.) 


species, if the Asses be excluded, and as far as living forms are 
concerned — namely, the Equus caballus. From this single 
species appear to have descended all the innumerable varieties 
of horses which are employed by man. The native country 
of the horse appears to have been Central Asia, but all the 
known wild individuals of the present day appear to be de- 
scendants of domestic breeds. 

The Ass (A sinus vulgaris) is characterised by the fact that 
there is always a distinct dorsal line, and the body is more 
or less banded ; the fore-legs alone have warts, and the tail 
has a tuft of long hair at its extremity. The Ass is probably a 
native either of Northern Africa, or of South-western Asia, and 
it has been supposed to be the descendant either of the “Djig- 
getai’^ (Asinus hemionus), or the ‘‘Onager” {A sin us onager), both 
wild existing species ; though a more probable stock for it is 
to be found in the Asmus tceniopus of Abyssinia. According 
to Lenormant, the Ass was domesticated in Egypt at the very 
earliest periods of its. history, long before the introduction of 
the Horse ; and it may therefore be the descendant of a wild 
African form. The striped and banded asses are known as 
Zebras and Quaggas, and are distributed over the greater part 
of Africa. Several genera (Anc/iitherium, Hipparion, Orohip- 
pus, Mfbhippus, Fltohippus, &c.) have been founded upon the 
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remains of fossil Equida, Many of these are of special in- 
terest, as showing an almost perfect series of gradations be- 
tween a foot with three complete toes and a foot with only one 
complete digit. Some of them also exhibit other curious tran- 
sitional characters. 

The most ancient type of the Equidii is the Eokippus of the Lower 
Eocene of North America, in which the fore-feet have four complete toes 
and a rudimentary pollex, while the hind-feet have three toes. 

Orohippus is the next oldest known Equine genus, and comprises small 
mammals about as big as foxes, with the fore-feet four-toed (fig. 397, A), 



397' — Skeleton of the foot in various forms belonging to the family of the Eguidte: 
A, Foot of Orohippus^ Eocene; B, Foot of Aftchithcriunty Upper Eocene and 
Lower Miocene ; C, Foot of IUpparioHy Upper Miocene and Pliocene; D, Foot of 
Horse Pliocene and Recent. The numerals indicate the numbers of the 

digits in the typical five-fingered hand of Mammals. (After Marsh.) 

and the hind-feet three-toed. In the fore-foot, the pollex alone is wanting, 
but the middle toe is much the largest. The genus is from the Eocene of 
North America. 

In the Miocene Tertiary occur the genera Amhithcruim^ Miohippus, 
and Mesohippus^ all of which have three toes to both feet. Mesohippus 
has an additional “splint-bone” (rudimentary metacjirpal, or metatarsal) 
representing a fourth toe. Miohippus, about as big as a sheep, has the 
three toes sub-equal, and all touching the ground. Anchitha-ium (fig. 
397, B) has the middle toe much the largest, though the lateral toes still 
reach the ground. 

In the later Miocene and earlier Pliocene we find the genus Hipparion^ 
in which the foot is still three-toed (fig. 397, C) ; but the middle toe is 
alone functionally useful, the two lateral toes, though appearing externally, 
not being long enough to touch the ground. 

In the later Pliocene we meet with the genus Pliohippus, in which the 
foot is preci.sely that of Eqims^ with the lateral toes reduced to splint-bones 
(fig. 597, D), but there is an additional prsemolar, and an “ antorbital fossa” 
is present. Lastly, in the Post-pliocene appears the genus Equus itself. 

Artiodactyle Ungulates. 

Section B. Artiodactyla. — In this section of tht Ungu- 
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lates the number of the toes is even — either two or four — and the 
third toe on each foot forms a symmetrical pair with the fourth 
(fig. 388, C) . The dorsodumbar vertcbrce are nineteen in num- 
ber^ and there is no thirct trochanter on the femur. If true horns 
are present^ these are always in pairs^ and are supported by bony 
horn-cores. The antlers of the Deer are also paired^ but they are 
not to be regarded as true horns. The sto 7 nach is always more or 
less complex^ or is divided into separate compartments, and the ccecum 
is comparatively small and simple. By Kowalewsky the Artiodac- 
tyla, recent and extinct, are divided into two great groups or 
sections, in accordance with the nature of the teeth. These 
two sections were differentiated at a very early period, and 
they are known respectively as the Bunodonta and Selenodonta, 
In the ‘‘ Bunodont ” section are comprised only the Pigs and 
their allies, and the Hippopotamus, in all of which the molars 
and prsemolars have tuberculated crowns (fig. 398). In the 



Fig. 398. — Grinding-surface of the molar and pracmolar teeth of a Peccary {Dicotyies 
lahiatus)y showing the bunodont type of dentition. (After Giebel.) 


Selenodont ” section of the Artiodactyla the prjemolars and 
molars (fig. 399) have the grinding- surfaces of their crowns 



Fig. ayy. — Grinding-surface of the molar and praemolar teeth of the Giraffe {Caim-io- 
pardalis Giraffa\ showing the selenodont type of dentition. 


divided each into two crescentic lobes, the convexities of 
which are turned inwards in the upper and outwards in the 
lower teeth. Some fossil forms, which are otherwise allied to 
the Bunodont Artiodactyles, show teeth of a “selenodont” 
character, and thus form a transition between these otherwise 
sharply separated divisions of even-toed Ungulates. 

The section Artiodactyla comprises the Hippopotamus, the 
Pigs, and the whole group of the Ruminants, including Oxen, 
Sheep, Goats, Antelopes, Camels, Llamas, Giraffes, Deer, (fee. 
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Besides these there is an extensive series of fossil forms com- 
mencing in the Eo- 
cene or Lower Ter- 
tiary period, and 
in many respects 
filling up the gaps 
between the living 
forms. 

OMNIVORA. 

Fam, I. Hippo- 
potamidcB. — This 
group contains 
only the single ge- 
nus Hippopotamus^ 
characterised by 
the massive heavy body, the short blunt muzzle, the large head, 
and the presence of teeth of three kinds in both jaws (fig. 400). 
The dental formula of the living Hippopotamus amphibius is — 




pm ^ ^ : m — ? = 40. 
4—4 3—3 


The incisors are nearly horizontal, those of the centre of the lower 

jaw being long and tusk-like. 



The canines are greatly devel- 
oped, those of the upper jaw 
being comparatively short, while 
the lower canines are in the 
form of enormous tusks, with 
a chisel - shaped edge. The 
crowns of the prsemolars and 
molars exhibit a characteristic 
double - trefoil pattern. The 
legs are very short, with mas- 
sive feet, terminated by four 
hoofed toes each (fig. 401). 
The eyes and ears are small, 
and the skin is extremely thick, 
and is furnished with few hairs. 
The tail is very short. 

Several extinct species of 
Hippopota^nus are known ; but 
there is only one familiar liv- 


ing form, the Hippopotamus 
amphibius or River-horse, and this is confined to the African 



VERTEBRATA : MAMMALIA. 


70s 


continent. It is an enormously bulky and unwieldy animal, 
reaching a length of eleven or twelve feet. It is nocturnal in 
its habits, living upon grass, the foliage of trees, and herbs, 
and it swims and dives with great facility. It is found in 
tolerable abundance in the rivers of Abyssinia, and occurs 
plentifully in South Africa. A much smaller form (the so- 
called Hippopotamus or Chceropsis Liberiensis) occurs on the 
west coast of Africa, but it is exceedingly rare, and compara- 
tively little is known about it. It possesses, however, only 
two lower incisors instead of four. 

Fam, 2. Suida , — The group of the Suida^ comprising the 
Pigs, Hogs, and Peccaries, is very closely allied to the pre- 
ceding ; but the feet (fig. 388) have only two functional toes, 
the other two toes being much shorter, and hardly touching 
the ground. All the three kinds of teeth are present, but they 
vary a good deal. The canines (fig. 402) always are very 



Fij;. 402.— Skull of the Wihl Hoar {Stis scrofa ferns). (After Ciray.) 


large, and trihedral in shape ; and in the males they usually 
constitute formidable tusks projecting from the sides of the 
mouth. The incisors are variable, but the lower ones are 
always inclined forwards. The molars and prjemolars have 
broad crowns, with two transverse ridges (increased to three 
or more in the last molar), which are divided into rounded 
tubercles (fig. 398). The permanent dental formula of the 
Boar {Sus scrofa) is — 


i ^ ^ ; c ^ ^ ; pm ^ ^ : m ^ ^ = 40- 
3—3 I — I 3—3' 3—3 

In the young animal there are four deciduous molars, but the 
first of tfiese is not replaced by a prcemolar, though it remains 

2 Y 
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in the jaw up to the third year of life. If, therefore, the jaw 
of a Pig up to the third year of its age (fig. 403) be examined, 
there will appear to be four praemolars and three molars on 



Fig. 403. —Dentition of the Boar ^Sus scro/a). The tooth marked though taking 
the place of a first praemolar, is really the first deciduous molar, which has not yet 
been shed. 


each side, the first of these apparent praemolars being really 
the long - retained first deciduous molar. The stomach is 
mostly slightly divided, and is not nearly so complex as in the 
Ruminants. The snout is tnincated and cylindrical, fitted for 
turning up the ground, and is capable of considerable move- 
ment. The skin is more or less abundantly covered with hair, 
and the tail is very short, or represented only by a tubercle. 

Of the true Swine, the best known and most important is 
the Wild Boar {Sus scro/a), from which it is j)robable that 
most of our domestic varieties of swine have sprung. The 
Wild Boar formerly inhabited this country, and is still abun- 
dant in many of the forests of Europe. It is often hunted, 
and the size and sharpness of its canines render it a tolerably 
formidable adversary, as is also its congener, the Indian Hog 
{Sus Indicus), Another curious form, closely related to the 
Wild Boar, is the Babyroussa {Porciis Babirusa), which in- 
habits the islands of Celebes and Borneo in the Melanesian 
province. It is remarkable for the great size and backward 
curvature of the upper canines. The upper canines pierce 
the upper lip in the males, and their alveoli are directed up- 
wards. The Bush -hogs {Potamochocrus) of Southern Africa 
and Madagascar are nearly allied to Sus, but possess sub- 
ocular excrescences of a cartilaginous nature. 
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The African Wart-hogs, forming the genus Fhacochoeriis, are 
distinguished by having a fleshy wart under each eye. They 
inhabit Abyssinia, the Guinea coast, and other parts of Africa. 
The American Peccaries {Dicotyles) represent the Swine of 
the Old World. They are singular for having only three toes 
on the hind-foot, the outer of the two supplemental digits being 
represented only by its metatarsal. The canines are not 
exserted, there are only four upper incisors, and there is no 
tail. They are exclusively confined to the American continent, 
extending from Paraguay as far north as Texas and Arkansas, 
and the commonest species is the Collared Peccary {Dicotyles 
torqiiatus). They are not at all unlike small pigs either in 
their appearance or in their habits, and they are gregarious, 
generally occurring in small flocks. 

Fam, 3. A noplot her idiE, — This group comprises extinct Artio- 
dactyles which belong to the Eocene and Miocene periods, 
and form a kind of transition between the Swine and the 
Ruminants. In Anoplotherium itself (fig. 404) the body is 



Fig. 404. — Anoplotherium cotnmuiu. Eocene Tertiary, France. (After Cuvier.) 


slender, provided with a long tail, and having the feet termi- 
nated by two toes each, sometimes with small accessory hoofs 
in addition. The dentition is remarkable in the fact that no 
gap or diastema exists between the molars and the canines, 
the teeth thus forming an even and uninterrupted series. The 
dental formula is — 


i ^ ; pm ^ ' m ^ ^ ~ 44. 

3 — 3 I — I 4 — 4 3 — 3 


Fain, 4. Oreodontidee. — This family comprises extinct Artio- 
dactyles from the Miocene and Pliocene Tertiary of North 
America* which stand in some respects midway between the 
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Suida and the Ruminantia^ and have been termed ‘‘ Ruminat- 
ing Hogs,” though there is no evidence that they really rumi- 
nated. Oreodon is about as big as a sheep, the feet being 
four-toed, and the dental foimula ‘‘ complete.” The canines 
are large, and triangular, and the molars are of the “ seleno- 
dont” character, while there is the anomalous character that 
“ larmiers ” or tear-pits ” existed below the eyes. 

RUMINANTIA. 

The last section of the Artiodactyle Ungulates is the great 
and natural group of the Ruminantia^ or Ruminant animals. 
This section comprises the Oxen, Sheep, Antelopes, Giraffes, 
Deer, Camels, &c., and is distinguished by the following 
characters : — 

The foot is what is called cloven,” consisting of a symmet- 
rical pair of toes encased in hoofs and looking as if produced 
by the splitting into two equal parts of a single hoof. In ad- 
dition to these functional toes, there are mostly two smaller 
supplementary toes, placed at the back of the foot. The 
metacarpal bones of the two functional toes of the fore-limb, 
and the metatarsal bones of the same toes of the hind-limb, 
except in Hyomoschus, coalesce to form a single bone, known 
as the ^‘canon-bone.” The stomach is complex, and is di- 
vided into several compartments, this being in accordance with 
their mode of eating. They all, namely, ruminate or “chew 
the cud — that is to say, they ftrst swallow their food in an 
unmasticated or partially- masticated condition, and then bring 
it up again, after a longer or shorter time, in order to chew it 
thoroughly. 

This process of rumination is so characteristic of this group, 
that it will be necessary to describe the structure of the stom- 
ach, as showing the mechanism by which this singular process 
is effected. The stomach (fig. 405) is divided into four (rarely 
three) compartments, which are usually so distinct from one 
another that they have generally been spoken of as so many 
separate stomachs. The gullet opens at a point situated 
between the first and second of these cavities or “ stomachs.” 
Of these the largest lies on the left side, and is called the “ ru- 
men ” or “ paunch ” (fig. 405, r). This is a cavity of very large 
capacity, having its interior furnished with numerous hard 
papillae or warts. It is the chamber into which the food is 
first received when it is swallowed, and here it is moistened 
and allowed to soak for some time. The second stomach, 
placed to the right of the paunch, is much smaller, and is 
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known as the ‘‘reticulum” or “honeycomb-bag” (//). Its 
inner surface is reticulated, or is divided by ridges into a 
number of hexagonal or many-sided cells, somewhat resem- 
bling the cells of a honeycomb. The reticulum is small and 
globular, and it receives the food after it has lain a sufficient 
time in the paunch. The function of the reticulum, as usually 



a 

Fig. 405. — Stomach of a .Sheep : o Clullet; r Kumcn or Paunch ; h TIoneycomb-bag or 
Keticnium'y Manyplies or PsaUerium \ a Fourth .Stomach or Abomasum. 


believed, is to compress the partially-masticated food into 
little balls or pellet.s, which are then returned to the mouth by 
a reversed action of the muscles of the oesophagus ; but this 
is now di.scredited. After having been thoroughly chewed and 
prepared for digestion, the food is swallowed for the second 
time. On this occasion, however, the triturated food passes 
on into the third cavity (/), which is variously known as the 
“ psalteriiim,” “ omasum,” or {Scottid) the “ manyplies.” The 
vernacular and the first of these technical names both refer to 
the fact that the inner lining of this cavity is thrown into a 
number of longitudinal folds, which are so close as to resemble 
the leaves of a book. The psalterium opens by a wide aper- 
ture into the fourth and last cavity, the “ abomasum ” {a\ both 
appearing to be divisions of the pyloric portion of the stomach. 
'Fhe mucous membrane of the abomasum is thrown into a few 
longitudinal folds, and it secretes the true acid gastric juice. 
It terminates, of course, in the commencement of the small 
intestine — i.e., the duodenum. The intestinal canal of Rumi- 
nants, as in most animals which live exclusively upon a vege- 
table diet, is of great relative length. 

The dentition of the Ruminants presents peculiarities almost 
as great and as distinctive as those to be derived from the 
digestive* system. In the typical Ruminants {e.g., Oxen, Sheep, 
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Antelopes) there are no incisor teeth in the upper jaw, their 
place being taken by a callous pad of hardened gum, against 
which the lower incisors impinge (fig. 406). There are also 
no upper canine teeth, and the only teeth in the upper jaw 
are six grinders on each side. In the front of the lower jaw is 
a continuous and uninterrupted series of eight teeth, of which 



VI 

Fig. 406.-— Skull of a hornless Sheep : i Incisors ; c Canines ; vi Molars 
and praemolars. (After Owen.) 


the central six are incisors, and the two outer ones are regarded 
by Osven as being canines. Upon this view, canine teeth are 
present in the lower jaw of the typical Ruminants, and they 
are only remarkable for being placed in the same series as the 
incisors, which they altogether resemble in shape, size, and 
direction. Behind this continuous series of eight teeth in the 
lower jaw, there is a vacant space, which is followed behind 
by six grinders on each side. The prsemolars and molars are 
of the “selenodont” type (fig. 399), and have their grinding- 
surfaces marked with two double crescents, the convexities of 
which are turned inwards in the upper, and outwards in the 
lower teeth. 

The dental formula, then, for a typical Ruminant animal, 
is — 


. o — o 

/ 

3—3 





pm ^ ^ ^ ; m ^ ? = 32. 

3-— 3 3-^3 


The departures from this typical formula occur in the Camelidce^ 
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the TragulidcBy and in some of the Deer. Most of the Deer 
conform in their dentition to the above formula, but a few 
forms {e,g,y the Muntjak) have canine teeth in the upper jaw. 
These upper canines,* however, are mostly confined to the 
males ; and if they occur in the females, they are of a small 
size. The dentition of the Camelidce (Camels and Llamas) is 
still more aberrant, there being two canine-like upper incisors 
and upper canines as well. The lower canines also are more 
pointed and stand more erect than the lower incisors, and 
slightly separated from them, so that they are easily recog- 
nisable. The group of the Ruminantia includes the families 
of the Camelidce (Camels and Llamas), the Tragulidce (Chevro- 
taitis), the Cenndce (Deer), the Camelopardalidce (Giraffe), and 
the Cavicornia (Oxen, Sheep, Goats, Antelopes). 

a, Camelidce (Tylopoda). — The Camels and Llamas constitute 
in many respects an aberrant group of the Ruminantia^ espe- 
cially as regards their dentition and the conformation of the 
feet. The upper jaw (fig. 407) carries three teeth on each 



Fig. 407. — Side-view of skull of Camclus Bactrianus : i Upper incisor ; c c Canines ; 
pm Isolated praemolar, (After Giebel.) 


side in front, separated by slight intervals. The most anterior 
of these is a conical incisor; the central one is a canine, and 
the hindmost is the first prremolar, which is separated by a 
wide gap from the rest of the molar series, and is pointed in 
form. In the lower jaw there is also a canine, placed a little 
behind the incisors, and a detached laniariform prsemolar (the 
latter sometimes absent). In the I. lamas these isolated pr£e- 
molars do not exist. Each foot terminates in two toes, which 
arc provided with imperfect nail-like hoofs, covering no more 
than the upper surface of each toe. The two hinder toes, which 
are mostly present in the Ruminants, are here altogether want- 
ing, anc>the animal walks upon the hinder surfaces of the toes. 
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which are directed downwards, and are protected by pads of 
callous horny integument. The stomach is complex, but the 
manyplies is wanting. As regards their further characters, the 
head of all the CamelidcB is destitute of horns in both sexes \ 
the nostrils can be closed at the will of the animal ; the upper 
lip is hairy and partially cleft ; and the red blood- corpuscles 
are oval. 

The family of the CamelidcB is represented in the Old World 
by the Camels ( Cainelus)^ and in South America by the Llamas 
and Alpacas {Auchenia), There is also an extensive series of 
Tertiary forms, one of which (viz., Protolahis) is specially in- 
teresting as possessing the full number of upper incisors, namely, 
three on each side of the jaw. 

The true Camels are peculiar to Asia and Africa, and two species are 
known, distinguished from one another by the possession of a double or 
single adipose hump on the back. The African or Arabian Camel {Camelus 
Dromedaritis, is often called the Dromedary, and has only one hump on 
its back. The two toes are united together by the callous sole ; and the 
chest, shoulders, and knees are furnished with callous pads, upon which 
they rest when they lie down. The hump is almost entirely composed of 
fat, and appears to act as a kind of reserve supply of food, as it is noticed 
to diminish much in size upon long journeys. The Camel can likewise 
support a very prolonged privation of water, as the paunch is furnished 
with large cells, which the animal fills when it has access to water, and 
then makes use of subsequently as occasion may require. The structure 
of the Camel adapts it admirably for locomotion in the sandy deserts of 
Arabia and Africa ; and as it is very docile and good-tempered, it is 
almost exclusively employed as a beast of burden in the countries in which 
it occurs. 

The Bactrian Camel (C, Bactrianus) is distinguished by the possession of 
two humps ; but in other respects it docs not differ from the Dromedaiy. 
It is found in Turkestan, Persia, Mongolia, and Thibet. The two species 
are said to breed together, and the hybrid offspring is stated to be occa- 
sionally fertile. The place of the Camels is taken in the New World by 
the Llama and Alpaca, with two other nearly-allied forms. These animals 
form the genus Aiuhenia^ and are in many respects similar to the true 
Camels. They arc distinguished, however, by having no hump upon the 
back, and by the fact that the two toes are not conjoined and supported by 
a callous pad, as in the Camels, but arc separate, with separate pads, and with 
strong curved nails. The neck is long and the head comjjaratively small, 
whilst the upper lip is mobile and deeply cleft vertically. The Llamas are 
chiefly found in Peru and Chili. They live in flocks in mountainous 
regions, and are much smaller than the Camels in size. The time Llama is 
kept as a domesticated animal, and used as a lieast of burden, its wild form 
being known as the “Guanaco.” The Alpaca is still smaller than the 
Llama, and is not very unlike a sheep, having a long woolly coat. It is 
partially domesticated, and the wool is largely imported into Europe. Its 
wild^form is the so-called “ Vicuna.” 

b, TragtilidcB, — This group comprises certain small Rumi- 
nants, the so-called “ Chevrotains ” ( Tragiilus)^ which have been 
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generally associated with the true Musk-deer {Moschns) in a 
single family, under the name of Moschida, The researches 
of Milne-Edwards and Flower, however, would prove that 
Moschus itself is really one of the Cenndcd or Deer proper, and 
that the Chevrotains form a group by themselves. 

The Tragulidat are characterised by the total absence of 
horns in both sexes, and by the presence of canines in both 
jaws, those in the upper jaw being in the form of tusks in the 
males, but much smaller in the females. The third stomach, 
or “ psalterium,” is wanting, and the placenta is diffuse. I'he 
feet have supplementary toes, and the metacarpals of the 
middle and ring digits either unite in late life to form a canon- 
bone, or remain (as in Hyo 7 noschus) permanently separate. 

The family includes at the present day only the Hyomoschtis 
of Western Africa, and some four or five species of Tragulus 
from the Indian province. The best known are the 2 ra- 
guilts Javanicus, or “ Napu ** of Java, and the T, viemintia of 



Fig. 408. — Side-view of the bkull of Tragulus yavauicus. (After Giebcl.) 


India. They are all very small elegant animals, and, though 
commonly called “ Musk-deer,^* they have no musk -gland. 

c. Cervidce, — This family is of much greater importance than 
that of the Tragulidce, including as it does all the true Deer. 
They are distinguished from the other Ruminants chiefly by 
the nature of the horns, which are wanting in the genera Mos- 
chus^ Hydropotes, and Lophotragus, With the single exception 
of the Reindeer, these appendages are confined to the males 
amongst the Cervidts^ and do not occur in the females. They 
do not consist, as in the succeeding group, of a hollpw sheath 
of horn surrounding a central bony core, nor are they perma- 
nently retained by the animal. On the other hand, the horns 
— or, as they are more properly called, the antlers — of the 
CenndtE are deciduous, and are solid. They are bony through- 
out, and are usually more or less branched (fig. 410), and they 
are annually shed and annually reproduced at the breeding 
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season. They increase in size and in the number of branches 
every time they are reproduced, until in the old males they 
may attain an enormous size. The antlers are carried upon 
the frontal bone, and are produced by a process not at all 
unlike that by which injuries of osseous structures are made 
good in man. At first the antlers are covered with a sensitive 
hairy skin or “ velvet ; but as development proceeds, the 
vessels of the skin are gradually obliterated, and the skin dies 
and peels off; a bony ridge or “burr’’ being formed on the 
antler just above its base of attachment to the frontal bone. 



In all the Deer there is a sebaceous gland, called the “lach- 
rymal sinus,” or “ larmier,” which is placed beneath each eye, 
and secretes a strongly-smelling waxy substance. 

When fully developed, the antlers of the Deer consist of a main stem or 
“ beam,” carrying one or more branches or “ tynes.” In the second year 
after birth, when the antlers are first produced, and in a few Deer through- 
iuit life, the antler consists only of the “beam,” and is dagger-shaped and 
unbranched, the animal being known now as a “brocket.” In the horns 
of the next year, the antler develops a basal branch or “brow-tyne.” In 
the antlers of the next year there is produced above the brow-tyne a second 
branch or “ tres-tyne,” which is directed forwards, the hinder portion of 
the beam constituting the “royal.” If the antler develops beyond this 
point, it is by the more or less complex branching of these two divisions of 
the beam, the “royal tyne,” in particular, being very liable to become 
divided in successive years. The following are the principal types of 
antlers^among the Deer : — 

(A.) Kitsine type . — The brow-tyne simple, the beam simply divided (fig. 
410, A). This form of antler occurs in the Sambur Deer [^Ritsa Aristotelis) 
and in the Axis Deer of India. 

(13.) Riicervim type.-'Vat two primary divisions of the beam aliove the 



VERTEBRATA: MAMMALIA. yi$ 

brow-tyne again bifurcated, and both divisions approximately equal, as in 
the Riicervus Schomburgki of Siam (fig. 410, B). In a modification of this 
type, the royal tyne is reduced in size (fig. 410, C), and the tres-tyne is 
large ; while in a still more extreme type, the royal tyne is reduced to a 
mere snag. 

(C.) Eiaphine type, — Brow-tyne reduplicated (by the presence of a “bez- 
tyne ”) ; the royal tyne large and divided. This type occurs in the Red 



Fig. 410. — y\, Antler of the “Rusine” type (S.-rmbur Dccr) ; B, Antler of the “ Ru- 
cervine” type {Rucerints Sihomhnrgki)', C, Modified Rncervine type of Antler 
{Kitcennts Duvaucellt) in which the “royal” tyne is reduced in size; D, Antler of 
the “ Capreoline ” type {Cn/>reolHS capnea); K, Antler of the Muntjak {Cer:>us 
niHutjak) ; F, Antler of the Red -deer ((Vvtv/j <'//i/A«i)of the second year ; G, Antler 
of the full-grown Red-deer, showing the “eiaphine” type. 

Deer {Ccn>H 5 elaphus^ fig. 410, F and G). In the “ sub-elaphine ” typo 
(as in the Cennts sika of Japan), the brow-tyne is simple. 

(D.) Capreoline type. — The iDoam dividing into a short anterior and a 
longer posterior branch, the latter, when fully developed, again bifurcated 
at its extremity (fig. 410, D). This type of antler occurs in the Roebuck 
( Capreolus eapnea), 

(E.) Type of the Muntjak. — Antler supported upon an osseous pedicle 
arising from the frontal bone; a short brow-tyne; the beam undivided. 
Occurs only in the Muntjak {Cervus muntjak). 


The Cervidee are very generally distributed, but no member 
of the group has hitherto been discovered in either Australia^ 
or South Africa, their place in the latter continent seeming to 
be taken by the nearly-allied Antelopes (distinguished by their 
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hollow horns). Africa, in fact, has no Deer except the Barbary 
Deer alone, and this occurs north of the Sahara only. 

Very many species of Cervuia are known, and it is not possible to allude 
to more than a few of the more familiar and important forms. Three species 
occur in Britain — namely, the Roebuck, Red -deer, and Fallow-deer, the 
last being a doubtful native. The Roebuck [Capreolns capraa) was once 
very generally distributed over Britain, but is almost confined to the wilder 
parts of Scotland at the present day. It is of small size, and ranges over 
Northern Europe and Asia. The Red -deer or Stag {Cf^'7ms e/apAtts) is a 
much larger species, with well -developed spreading antlers. The Red- 
deer of Britain is represented in North America by a still larger species, 
known as the Wa]^iti {Cervns Canadensis). 

The third British species is the Fallow-deer (Dama platyccros)^ charac- 
terised by the fact that the antlers are palmated — that is, dilated towards 
their extremities. It is a doubtful native, and is never found in a wild 
state at the present day. Allied to the Fallow-deer is a gigantic extinct 
species, the Megacei'os Hibernicus^vf)\\C^ inhabited Ireland, the Isle of Man, 
Scotland, and probably the greater part of Europe, up to a comparatively 
modern date, probably having survived into the human period. It is often, 
but incorrectly, spoken of as the Irish “Elk,” but it is really a genuine 
Stag. The animal was of very great size, and was furnished with enor- 
mous spreading and palmate antlers, which measure from ten to twelve 
feet between the lips. 

Of all the Deer, the largest living form is the true k-lk {A Ices palma(ns), 
which is generally distributed over the northern parts of Europe, Asia, and 
America, being often spoken of as the Moose. The antlers in the Elk are 
of a very large size, and are very broad, terminating in a series of points 
along their outer edges. 

The only completely domesticated member of the Ccnndic is the Rein- 
deer {Cervns tarandus)^ which is remarkable for the fact that the female is 
furnished with antlers similar to, but smaller than, those of the males. At 
the present day the Reindeer (if the Caribou be regarded as distinct) is ex- 
clusively confined to the extreme north of Europe and Asia, abounding 
especially in Lapland. Remains, however, of the Reindeer are known to 
occur over the greater part of Europe, extending as far south, at any rate, 
as the Alps, and occurring also in Britain. From this fact, taken along 
with many others, the existence of an extremely cold climate over the 
greater part of Europe at a comparatively recent period may be safely in- 
ferred. The Reindeer lives chiefly upon moss and a peculiar kind of 
lichen {Lichen rangiferina\ and they are extensively used by the I.ap- 
landers both as beasts of burden and as supplying food. The “Caribou ” 
of North America, if not absolutely identical with the Reindeer, would 
seem to be at most a well-marked variety of it. 

The so-called “Brockets,” such as the “Guazu-pita” {Sulntlo rn/m) of 
South America, have simple horns in the form of a stiletto ; whilst the 
singular Muntjak of India, Burmah, China, and the Indian Archipelago 
has the horns supported on long bony pedicles springing from the frontal 
bone ; and the males have large upper canines. 

The true Musk-deer (Mosc/ms vioschiferus) possess no horns, and the 
males have a musk-gland. There are canine teeth in both jaws, and the 
upper Qanines of the males have the form of long tusks. The Musk-deer 
are elegant little animals, which agree with the typical Deer in the fact 
that they have spotted young, and that the placenta is cotyledonary, whilst 
they depart from the ordinary cervine type in the absence of antlers. They . 
inhabit Central Asia. 
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The curious Water-deer (Ilydropotes) of China is related to Moschus^ 
and also has no horns. Another curious Chinese form is the Elaphurus, 
in which there is a long tufted tail, and the antlers, in place of an anterior 
basal branch, possess a long .posterior branch, the end of which is dilated 
and prolonged into several short points. 

d. CamelopardalidcR. — This family includes only a single 
living animal — the Camelopardalis Giraffa, or Giraffe — some- 
times called the Camelopard, from the fact that the skin is 
spotted like that of the Leopard, whilst the neck is long, and 
gives it some distant resemblance to a Camel. There are no 
upper canines in the Cxiraffe, and both sexes possess two small 
frontal horns, which, however, are persistent, and remain per- 
manently covered by a hairy skin, tcrminatecl by a tuft of long 
stiff bristles. These are not mere out-growths of the frontals, 
but are independent ossifications placed on the sutures between 
the frontal and parietal bones. There is also a central horn, 
if it may be so called, which is of the nature of an epiphysis, 
and is placed upon the sagittal suture. It becomes early an- 
chylosed with the skull, as do ultimately the other two horns. 
T'he neck is of extraordinary length, but, nevertheless, consists 
of no more than the normal seven cervical vertebrae. The fore- 
legs appear to be much longer than the hind-legs, and all are 
terminated by two toes each, the supplementary toes being 
altogether wanting. The tongue is very long and movable, 
and is employed in stripping leaves off the trees. The Giraffe 
is the largest of all the Ruminants, measuring as much as from 
fifteen to eighteen feet in height. It is a harmless and inoffen- 
sive animal, but defends itself very effectually, if attacked, by 
kicking. It is found in Nubia, Abyssinia, and the Cape of 
Good Hope. 

Remains of gigantic Ruminants allied to the Giraffe have 
been found in France and Greece [Helladoilierium) ; but the 
Sivatheritan, sometimes referred to this family, appears to have 
been more nearly allied to the true Antelopes. 

e. Cavicornia, — The last family of the Ruminants is that of 
the Cavicornia^ comprising the Oxen, Sheep, Goats, and An- 
telopes. This family includes the most typical Ruminants, 
and those of most importance to man. The upper jaw in all 
the Cavicornia is wholly destitute of incisors and canines, the 
place of which is taken by the hardened gum, against which 
the lower incisors bite. There are six incisors and two canines 
in the lower jaw, placed in a continuous series, and the molars 
are separated by a wide gap from the canines. There are six 
grinders on each side of each jaw. Both sexes have horns, or 
the malts only may be horned, but in either case these append- 
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ages are very different to the antlers ” of the Cervidce, The 
horns, namely, are persistent, instead of being deciduous, and 
each consists of a bony process of the frontal bone — or “ horn- 
core” — covered by a sheath of horn (fig. 41 1). In the Prong- 
buck {Antilocapra\ however, the sheath of the horn is shed 
annually. The feet are cleft, but are mostly furnished with 
accessory hoofs placed on the back of the foot. 



Fig. 411. — Skull of the Cape IlufFalo {/iuluiius coffer), viewed from above, .showing 
the horn-cores. (After Cvivjer.) 


The Cavicomia comprise the three families of the A//ti/opidce, 
OindcB, and Bovidee. The Antelopes form an extremely large 
section, with very many species. They are characterised by 
their slender deer-like form, their long and slender legs, and 
their simple cylindrical annulated or twisted horns, which are 
sometimes confined to the males, but often occur in the females 
as well (fig. 412). Accessory hoofs are generally, but not 
always, present. The Antelopes must on no account be con- 
founded with the true Deer, to which they present many points 
of similarity. The structure of the horns, however, is quite 
sufficient to distinguish them. The Antelopes are further dis- 
tinguished by rarely having a beard or dew-lap, and by the 
general possession of inguinal pores” and “ lachrymal sinuses.” 
The inguinal pores are the apertures of two involutions of the. 
integument of the groin, secreting a viscous substance, Hhe use 
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of which is unknown. The lachrymal sinuses, or tear-pits,” 
have already been mentioned as occurring in the CenndcB, and 
are not found in any of the Cavicornia except the Antelopes. 



Fig. 412. — Head of the Koodoo (StreJ>siceros Koodoo). 


Each consists of a sebaceous sac placed beneath the eye, and 
secreting a yellowish waxy substance. The function of these 
glands is uncertain, but it is probably sexual. The Antelopes 
are especially numerous, both in individuals and in species, in 
Africa, in which country they appear to take the place of the 
true Deer (only one species of Deer being indigenous to Africa). 
Amongst the better-known African species of Antelopes are the 
Springbok, Hartebeest, Gnu, Eland, and Gazelle. The only 
European Antelopes are the Chamois {Rupicapra tragus), whicli 
inhabits the Alps and other mountain - ranges of southern 
Europe, and the Saiga of eastern Europe. Amongst chc more 
remarkable Antelopes may be mentioned the Prong -buck 
{Anti/ocapra Americami) of N. America, in which there are 
no accessory hoofs, lachrymal sinuses, or inguinal pores ; the 
females have very small horns, and the horns of the male have 
a snag or branch in front. The horn-core, however, is conical, 
and does not extend above the snag. The horns are also very 
remarkable for the fact that their sheath is annually shed, and 
annually reproduced. Another curious form is the Chickara 
{A, quadricornis) of India, in which the females are hornless, 
but the males have four horns. 

The Sheep and Goats {Ovidce) have mostly horns in both 
sexes, and 'the horns are generally curved, compressed, and 
turned more or less backwards. The body is heavier, and the 
legs shorter and stouter, than in the true Antelopes. In the 
true Gcfets {Capra) both sexes have horns, and there are no 
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lachrymal sinuses. The throat is furnished with long hair, 
forming a beard ; and this appendage is usually present in both 
sexes, though sometimes in the males only. The goats live 
in herds, usually in mountainous and rugged districts. The 
domestic Goat {Capra hircus) is generally believed to be a 
descendant of a species which occurs in a wild state in Persia 
and in the Caucasus (the ‘‘ Paseng,’’ or Capra (Bgagrus). The 
true Sheep ( Ovis) are destitute of a beard, and the horns though 
triangular and transversely ridged, are more cylindrical than in 
the Goats, and are generally twisted into a spiral. Horns may 
be present in both sexes, or in the males only.’^ Lachrymal 
sinuses are invariably absent. 

Numerous varieties of the domestic sheep (Ovis aries) are known, but it 
is not certainly known from what wild species these were originally derived. 
Some, at any rate, of the domesticated breeds, more especially the smaller 
short-tailed breeds, with crescent-shaped horns, appear to be descended 
from the wild species known as the “Moufflon,” which is found in Corsica 
and Sardinia. The Merino Sheep (a Spanish breed) and the Thibet Sheep 
are particularly celel)rated for their long and fine wool. With the excep- 
tion of one species (the Big-horn, Ovis montatid)^ all the Sheep aj^pear to 
be originally natives of the Old World. The Big-horn, however, inhabits 
the Rocky Mountains from their termination in latitude 68° to 40°. 

The true Oxen {Bovidee) are distinguished by having simply 
rounded horns, which are not twisted in a spiral manner. 
There are no lachrymal sinuses. Most of the oxen admit of 
being more or less completely domesticated, and some of them 
are amongst the most useful of animals, both as beasts of 
burden and as supplying food. 

The parent stock of our numerous breeds of cattle is not known with 
absolute certainty ; the nearest approach to British Wild Cattle being a 
celebrated breed which is still preserved in one or two jdaces. These 
“ Chillingham Cattle” arc a fine wild Ineed, which at one time doubtless 
existed over a considerable part of Britain. They are pure white, with a 
black muzzle, the horns white, tipped with black. Though degenerate in 
point of size, the Chillingham Cattle .are probably the descendants of the 
“ mountain- bull ” or “ Urus,” which existed in a wild state in Gaul at the 
time of Caesar’s invasion. The smaller breeds of European Cattle appear 
to be descended from a now extinct species, the “British Short -horn” 
(Bos longifrons). Another large Ox, which formerly existed in Britain, 
and abounded over the whole of Europe, is the Aurochs or Lithuanian 
Bison (Bos bison). The Aurochs is of very large size, considerably 
exceeding the common Ox in bulk. It still occurs in the forests of the 
Caucasus in a wild state, but it no longer occurs wild in Europe, if we 
except a herd maintained by the Czar in one of the forests of Lithuania. 


* tn the Merino Sheep, and in some other breeds also, the njales only 
are horned. 
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Nearly allied to the Aurochs is the American Bison or Buffalo (Bison 
Americanus), This species formerly occurred in innumerable herds in the 
prairies of North America, but it has been gradually driven westwards, 
and has been much reduced in numbers. It has an enormous head, a 
shaggy mane, and a conical hump between the shoulders. Two other 
very well known forms are the Cape Buffalo (Bubalus cajfer) and the 
common Buffalo (Bubalus biibalis). The former of these occurs, with two 
allied forms, in southern and eastern Africa, and the latter is domesticated 
in India and in many parts of the soutli of Asia. The horns in both 
species are of large size, and their bases are confluent, so that the forehead 
is protected by a bony plate of considerable thickness. 

Amongst the more remarkable Asiatic Oxen may be mentioned the Zebu 
(Bos Indicus) distinguished by the fatty hump over the withers at the back 
of the neck, and the Yak (Poephagus grunnims) of Tliibet, remarkable for 
its long silky tail, and the possession of a fringe of long hair along its 
shoulders, flanks, and thighs. The “humped’' Cattle of the East are 
almostly certainly descended from a stock different to that which has given 
origin to the humpless races. They are known from Egyptian monuments 
to have been domesticated at an extremely early period ; but their wild 
form is unknown. 

The last of the Oxen which deserves notice is the curious Musk-ox 
(Ovibos moschatus\ This singidar animal is at the present day a native of 
Arctic America, north of latitude 60®, and is remarkable for the great 
length of the hair. It is called the Musk-ox, because it gives out a musky 
odour. Like the Reindeer, the Musk-ox had formerly a much wider geo- 
graphical range than it has at present ; the conditions of climate which are 
necessary for its existence having at that time extended over a very much 
larger area than at present. The Musk-ox, in fact, in Post-tertiary times 
is known to have extended over the greater part of Europe, remains of it 
occurring abundantly in certain of the bone-caves of France. Good author- 
ities regard the Musk-ox as being a sheep, and therefore truly referable to 
the Ovidie. 

As regards the distribution of the Ungulata in time^ the 
order is not known to have commenced its existence earlier 
than the Eocene Tertiary ; but it presented itself throughout 
the whole Tertiary period under such numerous and such 
varied types that it will not be possible in this place to do 
more than simply indicate the geological range of the principal 
families. 

Of the R/iinocerotidce, hornless forms {Acerothermm) occur in 
Miocene and Pliocene strata ; but the best-known fossil species 
is the two-horned Woolly Rhinoceros {R. tichorhinus). This 
curious species occurs in Post-pliocene deposits, and must have 
ranged over the greater part of Europe. It was adapted to a 
temperate climate, and, like the Mammoth, possessed a thick 
covering of mixed wool and hair. This has been demonstrated 
by the discovery of a frozen carcass in Siberia. The curious 
genus Dicer at her ium^ with its transverse pairs of horns, is from 
the Miocene of North America. 

The lapiridee are represented in the Eocene and Miocene 

2 Z 
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by the genus Lophiodon, {Coryphodon^ which has generally 
been placed here, has been shown by Marsh to have jive toes 
to both feet, and it, therefore, forms the type of a special 
family of Perissodactyles.) The genus Tapirus itself begins in 
the Miocene. 

The Brontotherid(B are wholly extinct, and are confined to 
the Miocene of North America. 

The Palceotheridce are likewise completely extinct, and are 
confined to the Eocene and Miocene. 

The Macraiicheiiidce are confined to the Pliocene and Post- 
pliocene of South America. 

The distribution of the Equidce in time has already been 
spoken of (see p. 702). The oldest genus of the family is the 
Eohippus of the American Eocene. 

Amongst the Artiodactyles^ the earliest representative of the 
Hippopota77iidce is the Hexap7‘otodon of the Upper Miocene 
(Pliocene?) of India, which differs from Hippopota7Jius proper 
only in having six lower incisors, in place of four. The latter 
genus appears in Europe in the Pliocene. 

A very large number of fossil forms of Snida are known 
from the Tertiaries of both the Old and New Worlds, beginning 
in the Eocene {Chceropotcwms^ &c.) 

The Or€odo7itid(E are wholly confined to Nortli America, and 
belong to the Miocene and Pliocene. 

The A7ioplotheridce are wholly extinct, and arc confined to 
the Eocene and Miocene periods. 

The Ca7)iclidce are first represented in the Miocene deposits 
of North America {Poebrothenu77i, &c.), and the later Tertiaries 
and Post-tertiaries of the same country have yielded several 
other extinct types of this family. Fossil remains of Ca7uclidce 
also occur in the Upper Miocene (Pliocene?) of India; and early 
types of the Llamas occur in the Pliocene of South America. 

The T7'ay;ulidce are first known to have come into existence 
during the Miocene period {A7)iphilragulus and D/e/iwtheriuffi ) ; 
but it is possible that some Eocene types {Xiphodo7i and Camo- 
theriu)7i) are really referable here. 

The appear for the first time in the Miocene i^Dorca- 

theriiwi^ Dicrocems^ &c.) Ccf vus itself appears in the Upper 
Miocene, and of the same age is the genus A77ip/ii77iosc/ms, re- 
lated to the living Musk-deer. 

The first representative of the Catfielopardalidce^ so far as 
kiTown, is the Helladoiher‘iu7n of the Upper Miocene of France, 

Greece, and India. 

The Antilopidce appear in forms closely allied to recent opes 
in the Miocene of Europe ; and in beds of Upper "Miocene 
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(Pliocene ?) age in India we have the aberrant four-horned types 
which constitute the genera Sivatherium and Bramatheritim, 
True B(yind(B occur in the Miocene (Pliocene?) of India, and 
the Pliocene of Europe, whilst Ovidoi resembling existing types 
arc not known from deposits earlier than the Post-pliocene. 


CHAPTER LXXIII. 

DINOCERATA, TILLODONTIA, AND TOXODONTIA. 

Order Vll. Hinocerata. — This order comprises certain 
extraordinary extinct Mammals from the Eocene of North 
America, which are regarded by Prof. Cope as an aberrant 
group of Ungulates^ whilst Prof. Marsh considers them as a 
distinct order intermediate between the Perissodactylc Ungulates 
and the Proboscidea. 

The members of this order are all of gigantic dimensions, 
and of massive construction. Both the hind-feet and forefeet 
possessed five well-developed toes. The nasal bones were elongated, 
and do not seem to have supported a proboseis. The cranitnn 
carries three pairs of horn - cores, which 7 ucre probably e^ivcl- 
oped ill horny sheaths. There are no upper incisors, and the 
upper canines have the form of long tusks directed doimwards. 
(These characters are taken from Dinoceras, the best-known 
genus of the group.) The order is distinguished from the 
Proboscidea by the absence of upper incisors, the presence of 
canines, the possession of three pairs of horn-cores, and the 
absence of a proboscis. 

In Dinoceras itself, which may be taken as the type of the 
group, we have a large animal equal in dimensions to the 
living Elephants, which it resembles also in the osteology 
of its limbs, in most essential respects. It is in the skull 
(fig. 413) and dentition, however, that the most striking pecu- 
liarities of Dinocei'as are to be found. As regards the denti- 
tion, the front of the upper jaw was destitute of incisors, and 
probably carried a palatine pad, but there were two very large 
canines in the form of tusks directed perpendicularly down- 
wards ; and there was also a series of six small grinders on each 
side. In the lower jaw are six incisors, small canines, and twelve 
proemolars and molars, six on each side. The dental formula 
is thus— 
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Superiorly each maxillary bone carried a well-developed pro- 
cess, probably of the nature of a horn-core. The nasals sup- 



J? ig. 41 j. — Skull of Dinoceras mirabile^ after Marsh. From the Eocene Tertiary. 


port two similar but smaller horn-cores ; and the frontals are 
developed behind into two larger bony projections most prob- 
ably also of the nature of horn-cores. The animal thus pos- 
sessed three pairs of horns, one carried by the upper jaw- 
bones, one by the nasals, and one by the frontal bones ; though 
it is possible that some of these cores were simply covered by 
a callous integument. The nasal bones are long, and there is 
no evidence of any proboscis. The limbs are short, the fore- 
legs shorter than the hind-legs ; and the femur was not pro- 
vided with a third trochanter. The tail is short and slender, 
and the ribs are furnished with rudimentary uncinate processes. 

As regards the mental powers of Dinoceras, Prof. Marsh re- 
marks : “ The brain-cavity of Dmoceras is perhaps the most 
remarkable feature in this remarkable genus. It proves con- 
clusively that the brain was proportionately smaller than in any 
other known Mammal, recent or fossil, and even less than in 
some reptiles. It is, in fact, the most reptilian brain in any 
known Mammal. In D. mirabile, the entire brain \^as,actu- 
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ally so diminutive that it could apparently have been drawn 
through the neural canal of all the praesacral vertebrae, cer- 
tainly through the cervicals and lumbars/’ 

The chief genera which are included amongst the Dinocerata 
by Marsh are Dinoceras^ Tinoceras, and Uintatherium. All 
the remains of this singular group which liave hitherto been 
brought to light, are from the Eocene rocks of North America. 

Order VIII. Tillodontia. — This order has been estab- 
lished by Prof. Marsh for the reception of some singular Mam- 
mals from the Eocene Tertiary of the United States. The 
following are the characters of the order, so far as published : 
The molar teeth have grinding crenvns^ as in Ungulates, and may 
have distinct roots, or may gro7u from permanent pulps ; small 
canines are present in both jaws ; and each jaiu carries two long 
scalpriform incisors, 7 'ese 7 nbling those of Rodents in form and in 
growing from persistejit pulps. The feet are plantigrade and 
pentadactyle, and the digits were apparently unguiculate. The 
femur has a third trochanter, and the radius and ulna and tibia 
and fibula are distmct bones. 

The order includes two distinct families, — one, the Tillothc- 
ridce, having molar teeth with distinct roots ; whilst the other, 
Stylinodontidce, possessed rootless molars, which grew from 
persistent pulps. All the known forms of the order are from 
the Eocene Tertiary, and the typical species seem to have 
been from one-half to two-thirds of the size of the Tapir. 

The type-genus of the order is Tillothcrium, which presents 
a remarkable combination of the characters of the U?igulata, 
Rodentia, and Carnivora. The general form of the skeleton 
most closely resembles that of the Carnivores, the skull being 
like that of the Bears in many respects, whilst the feet are five- 
toed, with the whole sole applied to the ground, and having 
ungual phalanges similar to those of the Ursidce. The brain- 
cavity is of small size, and the cerebral hemispheres did not 
extend over the cerebellum or the olfactory lobes. The orbits 
are not complete, but open into the temporal fossce. The 
pracmolars and molars have grinding crowns, the canines are of 
small size, and the praemaxillae carried a pair of large scalpri- 
form incisors (fig. 414), which resemble those of the Rodents 
in having chisel -shaped crowns, and in growing throughout 
the life of the animal. As in Rodents, there is a correspond- 
ing pair of scalpriform incisors in the lower jaw. The dental 
formula is — 


-I I — 




m ^ ^ r- -*0. 

:,-3 
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Order IX, Toxodontia. — This order includes certain large 
extinct Mammals from the later Tertiary deposits of South 



Fig 414. — Tillodontia. Side-view of the skull of Tillothethau /adieus^ with the lower 
jaw displaced downwards, one-fourth of the natural size. (After Mar.>>h.) 


America, the true systematic position of which is still very 
doubtful; since they present affinities to the Ungtdata^ the 
Rodents, and the Edentates. The skull is massive and the 
dentition is very peculiar. The molars and praemolars are 



I’ ia 4^.5 — A, Right upper jaw of Toxodon Huriiiristert^ «nd(r») left lower jaw of the 
same ; c Lower canine. (After JJurmei.ster.). Greatly reduced in sijfe. 


bent so as to be strongly convex outwards and concave inwards, 
with flat grinding-surfaces (fig. 415), and presenting the pecu- 
liarity that they are rootless and grow from persistent pul^is. 
Canines are present in the lower jaw, but are of very ’small 
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size (fig. 415, c) and are placed in the interval between the in- 
cisors and prgemolars. In the upper jaw only the sockets for 
the canines are left. There are four upper and six lower 
incisors, which 'are separated by a wide diastema from the 
praemolars. The dental formula is — 


i 


2 — 2 

3- 3' 



pm 


4 — 4 . 

3—3' 


3—3 


38. 


There is no third trochanter to the femur, but the structure 
of the manus and pes is quite unknown. 

The only known genera are Toxodon and Ncsodon. 


CHAPTER LXXIV. 


HYRACOIDEA AND PROBOSCIDEA, 


Order X. PIyracoidea. — This is a very small order which 
has been constituted by Huxley for the reception of two or 
three little animals, which make up the single genus Ifyrax. 
These have been usually placed in the immediate neighbour- 
hood of the Rhinoceros, to which they have some decided 
affinities, and they are still retained by Owen in the section of 
the Perissodactyle Ungulates. 

The order is distinguished by the following characters : 
There are no canine teeth, and the incisors of the upper jaw are 
long and cim^ed, and grow from permanent pulps, as they do in 
the Rodents {such as the Beaver, Rat, &c.) The loiver incisors 
arc directed forwards. The molar teeth arc singularly like those 
of the Rhinoceros, According to Huxley, the dental formula of 
the aged animal is — 






pm ^ - ^ \ m^ ^ 36. 

4 4 3 3 


llie forefeet are tetradactylous, the hind feet tridactylous, and all 
the toes have rounded hoof like nails, with the exception of the 
infier toes of the hindfeet, tuhich have an obliquely-curved nail. 
There are no clavicles. The nose and ears are short, and the 
tail is represented by a mere tubercle. The place 7 ita is deciduate 
and zonary, ivhereas in the Ungulates it is non-dcciduate, 

, Several species of Hyrax are known, but they resemble one 
anothef in all essential particulars, and, with the exception of 
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H, SyriacuSf they are exclusively confined to Africa. They 
are all gregarious little animals, living in holes of the rocks, 
and capable of domestication. Some forms {Dendrohyrax) 
are arboreal in their habits. The “coney” of Scripture is 



Fig. 416.— Skull of Hyrax. (After Cuvier.) 


believed to be the Hyrax Syriacus, which occurs in the rocky 
parts of Syria and Palestine. Another species — the Hyrax 
Capensis^ or “Klipdas” (“badger of the cliffs”) — occurs com- 
monly in South Africa, and is known by the colonists as the 
“ badger.” 

No fossil remains have as yet been discovered which can 
with certainty be referred to this order. 

Order XT. Proboscidea. — The eleventh order of Mammals 
is that of the Proboscidea ^ comprising no other living animals 
except the Elephants, but including also the extinct Mastodon 
and Deinotheriim. 

The order is characterised by the total absence of canine teeth; 
the molar teeth are fe 7 £t in number^ ctnd transversely ridged 

or tuberculate; incisors are ahvays present^ a?id groiu from per- 
sistent pulps ^ constituting long tusks (fig. 417). In living Ele- 
phants there are two of these tusk-like incisors in the tippet jaw, 
and the lotver jaw is 7 vithout incisor teeth. In the Deinotherium 
this is reversed, there being two tusk-like lower incisors and 
no upper incisors. In the Mastodons, the incisors are usually 
developed in the upper jaw, and form tusks, as in the Ele- 
phants, but sometimes there are both upper and lower in- 
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cisors, and both are tusk - like. The nose is prolonged into a 
cylindrical trunks movable in every direction^ highly sensitive^ 
and tertninating in a finger-like prehensile lobe (fig. 417). The 
fwstrils are placed at the extremity of the proboscis. The feet 



Fig. 417. — Skull of the Indian Elephant Ittdicus)’. z"riisk-like upper inci‘;or>s ; 

Vi l.ower jaw, with molars, hut without incisors ; n Nostrils, placed at the end of the 

proboscis. (After Owen.) 

are furnished with five toes each (fig. 419), but some of those 
toes may not be provided with hoofs. The feet are furnished 
with a thick pad of integument, forming the palms of the 
hands and the soles of the feet. There are no clavicles. The 
testes are abdominal throughout life. There are two teats, 
and these are placed upon the chest. The placenta is deciduate 
and zonary. 

The recent Elephants are exclusively confined to the tropical 
regions of the Old World, in the forests of which they live 
in herds. Only two living species are known — the Asiatic 
Elephant {Elephas /ndicus) an(i the African Elephant (E, Afri- 
canus). There can be no doubt, however, but that the Mam- 
moth {Elephas primigenius) existed in Europe within the human 
period. • 
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In both the living Elephants the “ tusks ” are formed by an 
enormous development of the two upper incisors. The milk- 
tusks are shed early, and never attain any very great size. The 
permanent tusks grow throughout the life of the animal, and 
often reach six or seven feet in length, and from fifty to seventy 
pounds in weight, or even up to one hundred and fifty pounds 
in aged males. In the Indian Elephant, and its variety the 
Ceylon Elephant, the males alone have well-developed tusks, 
but both sexes have tusks in the African species, those of the 
males being the largest. The lower incisors are absent, and 
there are no other teeth in the jaws except the large molars. 



which are of very large size, and are composed of transverse 
plates of enamel, surrounding tracts of dentine, and bound 
together by cement. As the tooth wears down, the enamel 
plates come to project, enclosing islands of dentine, which are 
narrow and elongated in the Indian Elephant (fig. 418, A), but 
are lozenge-shaped in the African Elephant (fig. 418, B). In 
reality, there are six molars on each side of each jaw, but 
owing to their large size, and the manner in which they succeed 
each other, there is never more than one (or part of two) in 
use on each side of each jaw at one time. The first three 
teeth of the grinder- series, which would ordinarily be sup- 
posed to be prsemolars, are in reality true molars, as they 
have no predecessors or successors. None of the molars, in 
fact, undergo vertical displacement, but the whole series 
gradually moves forward in the jaw, and the place of each 
tooth as it slowly advances is taken by the tooth next behind 
it in the series, each succeeding tooth being usually larger than 
its predecessor, and having more numerous plates of '^enamel. 
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The Indian Elephant is the only species which is now caught 
and domesticated, and as it rarely breeds in captivity, the de- 
mand for it is supplied almost entirely by the capture of adult 
wild individuals, which are taken chiefly by the assistance of 
those which have been already tamed. The Indian Elephant 
is distinguished by its concave forehead, its small ears, and the 
cliaracters of the molars. Its skull is pyramidal, and it has 
five hoofs on the fore-feet, and only four on the hind- feet. Its 
colour is generally pale brown. (The so-called “White Ele- 
phants ** are merely albinos.) The African Elephant, on the 
other hand, has a strongly convex forehead and great flapping 
ears. Its colour is darker, its skull is rounded, and it has four 
hoofs on the fore-feet, and only three on the hind-feet. The 
African Elephant is chiefly hunted for the sake of its ivory, and 
there is too much reason to 
believe that the pursuit will 
ultimately end in the destruc- 
tion of these fine animals. A 
great deal, however, of the 
ivory of commerce comes from 
Siberia, and is really derived 
from the tusks of the now ex- 
tinct Mammoth, which formerly 
inhabited the north of Asia in 
great numbers. 

The Elephants are all phy- 
tophagous, living entirely on 
the foliage of shrubs and trees, 
and other vegetable matters, 
which they strip off by means 
of the prehensile trunk. As 
the tusks prevent the animal 
from drinking in the ordinary 
manner, the water is sucked up 
by the trunk, which is then 
inserted into the mouth, into 
which it empties its contents. 

Clostly allied to the true phant /wy/V//.v). (After ciuin.) 
Elephants are the Mastodons^ 

characterised by the fact that the crowns of the molar teeth 
have nipple-shaped tubercles placed in pairs (fig. 420). Gen- 
erally speaking, the two upper incisors formecl long cur\ed 
tusks, as in the Elephants, but in some cases there were two 
lower incisors as well. The various species of Mastodon all 
belong*to the later Tertiary and Post-tertiary periods. 




732 


MANUAL OF ZOOLOGY. 


The last of the Prohosddca is a remarkable extinct animal, 
the Deinotherium, ''I'his extraordinary animal has hitherto 
only been found in Miocene deposits, and little is known of 
it except its enormous skull. Molars and praemolars were 



Fijfc*. 420.- - A, Skull of Mastodon gifiantc7im I B, Side-view of the second true molar 
of M astodon ^iganteum. (After Owen.) 


])resent in each jaw, and the upper jaw was destitute of can- 
ines and incisors. In the lower jaw were two very large tusk- 
like incisors, which were not directed forwards as in the true 



Fig. 421. — Skull of Doinotfu'i-inm 
gignnteum. Miocene Tertiary. 



Fig. 422. — A, Side-view of the third 
molar of Deinotherinm giganiettm; 
B, Grinding surface of the same. 
Miocene Tertiary. (After Kaup.) 


Elephants, but were bent abruptly downwards (fig. 421). The 
animal must have attained an enormous size, and it is probable 
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that the curved tusks were used either in digging up roots, or 
in mooring the animal to the banks of rivers, for it was prob- 
ably aquatic or semi-aquatic in its habits. Tlie whole of the 
praemolars and ‘molars were in use at one time, and their 
crowns are crossed by strong transverse ridges, which give them 
a marked Tapiroid character, while in some respects they 
resemble the teeth of the Mastodons. It is placed by l)e 
Blainville in the Sirenia, being regarded as a Dugong with 
tusk-like lower incisors j but this view has been rendered un- 
tenable by the discovery of limb-bones of a distinctly Pro- 
boscidean type. 

As regards the distribution of the Prohoscidea in time^ the 
order came into existence in the Miocene period, where it is 
represented by all its three sections, Deinotherium^ Mastodon^ 
and Elephas, 

The genus Deinotherium^ as just mentioned, is exclusively 
confined to the Miocene period. 

The genus Mastodon is characteristic in Europe of the Mio- 
cene and Pliocene ; but in North America it is represented in 
the Post-pliocene, and it occurs also in deposits of the same 
age in South America. 

No Elephant has yet been discovered in the Miocene rocks 
of Europe, but six species are known from Miocene (Pliocene ?) 
strata in India. In the Pliocene period Europe possessed its 
Elephants (viz., E, prisons and E, 77ieridionalis) ; but the best 
known of the extinct Elephants, as well as the most modern, is 
the Mammoth {E, primigenius). This enormous animal is now 
wholly extinct, but it formerly abounded in the northern parts of 
Asia and over the whole of Europe. It occurred also in Britain, 
and uncpiestionably existed in the earlier portion of the human 
period, its remains having been found in a great number of 
instances in connection with human implements. From its 
great abundance in Siberia, it might have been safely inferred 
that the Mammoth was able to endure a much colder climate 
than either of the living elephants. This inference, however, 
has been rendered a certainty by the discovery of the body 
of more than one Mammoth embedded in the frozen soil of 
Siberia. These specimens had been so perfectly preserved 
that even microscopical sections of some of the tissues could 
be made ; and in one case even the eyes were preserved. 
From these specimens we know that the body of the Mam- 
moth was covered with long woolly hair. 
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CHAPTER LXXV. 


CARNIVORA. 

Order XII. Carnivora. — The twelfth order of Mammals is 
that of the Carnivora, comprising the Ferce, or Beasts of Prey, 
along with the old order of the Pinnipedia, or Seals and Wal- 
ruses, these latter being now almost universally regarded as 
merely a group of the Carnivora modified to lead an aquatic 
life. 

The Carnivora are distinguished by always possessing two 
sets of teeth, luhich are simply covered by enamel, and are always 
of three kinds — incisors, canines, and molars— differing from one 

^ ^ 

another in shape and size. The incisors are generally 


{except in some seals); the canines are ahvays 


^ and are 

I — I 


invariably 7mich larger and longer than the incisors. The pree- 
7?iolars and molars are mostly furnished with cutting or tre?ichant 
edges ; but they graduate frofn a cutting to a tuber culate form, as 
the diet is strictly carnivorous, or becomes mo7‘e or less 7Jiiscella7ieous. 



I'"ig*,423-’~Permanent dentitition of the Lion {Fclis 4 v). In the upper jaw the letter 
indicates the upper carnassial, while in the lower jaw the letter m indicates the 
lower carnassial. 


In the typical and most highly specialised Carnivores (such 
as the Felida), the last praemolar in the upper jaw, and the 
first molar in the lower jaw (fig. 423, p7n^ and m) are specially 
developed, and are known as the “ carnassial ” teeth, h'aving a 
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sharp cutting-edge ; whereas in other cases the corresponding 
teeth are blunt and “ tuberculated.’* Even in their most tren- 
chant condition, the carnassial tooth commonly has a more or 
less developed • tuberculated process or heel, on the inside of 
its cutting edge. In various Carnivores a number, or all, of 
the praemolars and molars may be “ tuberculate,” their crowns 
being adapted for bruising rather than cutting. As a general 
rule, the shorter the jaw, and the fewer the prsemolars and 
molars, the more carnivorous is the animal. The Jaws are so 
articulated as to admit of vertical but not of horizontal move- 
ments ; the zygomatic arches are greatly developed to give 
room for the powerful muscles of the jaws ; and the orbits are 
not separated from the temporal fosstc. The intestine is com- 
paratively short. 

In all the Carnivora the clavicles are either altogether 7vanting, 
or are quite rudimentary. The toes are provided 7c>it/i sharp 
cuj'Zfcd cla7vs. The teats are abdominal ; and the placenta is 
deciduate and zonular. 

The order Carnivora is divided into three very natural sec- 
tions : — 

Section 7. Pinnigrada or Pbinipedia . — This section comprises 
the Seals and Walruses, in which the fore and hind limbs are 
short, and are expanded into broad webbed swimming-paddles 
(fig. 424, B). The hind-feet are placed very far back, nearly 



Fig. 424 .— Foot of Carfiivora (after Owen). A, P/antigradu^ Foot of Ikar ; 
13, Pinniffraday Himl-feet of Seal ; C, Digitigrada^ Foot of Lion. 


in a line with the axis of the body, and they are more or less 
tied down to the tail by the integuments. 

Sectivn II. Plantigrada. — This section comprises the Bears, 
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and their allies, in which the whole, or nearly the whole, of 
the foot is applied to the ground, so that the animal walks 
upon the soles of the feet (fig. 424, A). 

Section III, Digitigrada . — This section comprises the Lions, 
Tigers, Cats, Dogs, &c., in which the heel of the foot is raised 
entirely off the ground, and the animal walks upon the tips of 
the toes (fig. 424, C). 

Section I. Pinnigrada or Pinnipedia. — This section of 
the Carnivora comprises the amphibious Seals and Walruses, 
which differ from the typical Carnivores merely in points con- 
nected with their semi-aquatic mode of life. The body in 
these forms is elongated and somewhat fish-like in shape, 
covered with a short dense fur or harsh hairs, and terminated 
behind by a short conical tail. All the four limbs are present, 
but are very short, and the five toes of each foot are united 
together by the skin, so that the feet form powerful swimming- 
paddles. The hind-feet are of large size, and are placed far 
back, their axis nearly coinciding with that of the body (figs. 
424, 425). From this circumstance, and from the fact that the 



Fig. 425. — The Greenland Seal Crcfulandica). 


integument often extends between the hind-legs and the sides 
of the short tail, the hinder end of the body forms an admir- 
able swimming apparatus, similar in its action to the horizontal 
tail-fin of the Cetacea and Sirenia, The tips of the |oes are 
furnished with claws, but the powers of terrestrial locomotion 
are very limited. On land, in fact, the typical Seals can only 
drag themselves along laboriously, chiefly by the contractions 
of the abdominal muscles. On the other hand, the Eared 
Seals {Otariadee) can use their hind-limbs freely upon the land. 
The ears are of small size, and are mostly only indica;ced by 
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small apertures, which the animal has the power of closing 
when under water. The bones are light and spongy, and 
beneath the skin is a layer of fat or blubber. The dentition 
(fig. 426) varies,' but teeth of three kinds are always present, in 



Fig. 426. — Dentition of the common Seal {Phoca vituHna). 


the young animal at any rate. The canines are always long 
and pointed, and the molars are generally furnished with 
sharp cutting-edges. The lower incisors may be reduced to 
four or to two in number, or may even be wanting (Walrus) ; 
and the upper incisors may fall below the normal six. The 
dental formula of the common Seal (fig. 426) is — 


3—3 . 

—2 ^ 


c 





4— 4 . 

4—4' 


;// 



-34. 


rhe section Pinnigrada includes the three families of the 
Earless Seals {Phocidee), the Eared Seals {OiariadcR), and the 
Walruses (Trichecided), 

The typical Seals {Phocidcc) are distinguished from the Walruses by the 
presence of incisor. teeth in both jaws, and by canines of moderate size; 
while the absence of ears and the inability to use the hind-limbs on land 
separate them from the OtariadtE, They form a very numerous family, of 
which species are found in almost every sea out of the limits of the tropics. 
They abound, however, especially in the seas of the Arctic and Antarctic 
regions. They live for the most part upon fish, and when awake, spend 
the greater part of their time in the water, only coming on land to bask 
and sleep in the sun and to suckle their young. They appear to be univer- 
sally polygamous. The body is covered with a short fur, interspersed with 
long bristly hairs ; and the lips are fuynished with long whiskers, which 

3 A 
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act as organs of touch. The seals are very largely capt\«red for the sake of 
their blubber and skins. 

The only common British seal is the Phoca vitulina^ which occurs not 
uncommonly on the northern shores of Scotland, and ranges over almost 
the whole of the shores washed by the North Atlantic and the seas of 
Greenland. It is yellowish-grey in colour, and measures from three to 
five feet in length. Other seals attain a much greater length— the Great 
Seal measuring from eight to ten feet, and the Elephant Seal {Macro- 
r/iinics) of the South Pacific, reaching a length of twenty feet. 

The Eared Seals or Sea-lions {Otariad(c) differ from the typical Seals in 
the possession of small conical ears, and in the much greater freedom of the 
limbs, enabling the animal to walk with comparative ease on land. The 
Eared Seals are principally found on the shores of the continents and 
islands washed by the Pacific ; but they are also found in the extreme 
southern part of the Atlantic as far northwards as the mouth of the Rio 
Plata. 

The third family of the Pinnigra<le Carnivores is that of the TricJic- 
cidiCy comprising only the Walrus or Morse {Trichectis rosmanis). The 
chief peculiarity by wliich the Walrus is distinguished from the true Seals 
is found in the dentition. According to Owen, there are six incisors in 
the upper jaw and four in the lower ; but these are only present in the 
young animal, and soon disappear, with the exception of the outermost 
pair of upper incisors. The upper canines are enormously develojieil, 
growing from persistent pulps, and constituting two large pointed tusks, 
which attain a length of over fifteen inches (fig. 427). The direction of 



Fig. 427. — Skull of the Walrus (Trichecus rosmarus), after dvven 
i Tusk-like upper canines. 


the tusks is downwards and slightly outwards, and they project consid- 
erably below the chin. The upper jaw has three prremoltirs and two 
molars, with flattened crowns, on each side, and the lower jaw has the same 
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number of priemolars and a single molar on each side ; but the true molars 
are caducous, so that the dental formula of the adult animal is — 


. I — I 

t —i-- 

0—0 



pm ^ ^ ; m ::: i8. 

3—3 0—0 


Except as regards its dentition, the Walrus agrees in all essential re- 
spects with the Seals. Tt is a large and heavy animal, attaining a length 
of from ten to fifteen feet or upwards. The body is covered with sliort 
brownish or yellowish hair, and the face bears many long stiff bristles. 
There are no external cars. The chief use of the tusk-like canines appears 
to be that of assisting the unwieldy animal to get out of the water upon 
the ice; but they doubtless serve as weapons of offence and defence as 
well, and they are used for digging up burrowing shell-fish out of the sand. 
The Walrus is hunted by whalers, both for its blubber, which yields an 
excellent oil, and for the ivory of the tusks. Tt is found, living in herds, 
in the Arctic seas, being especially abundant at Spitzbergen and Nova 
Zembla. 


Section II. Plantigrada (Arctoidea). — The Carnivorous 
animals belonging to this section apply the whole or the 
greater part of the sole of the foot to the ground (fig. 424, A ) ; 
and the portion of the sole so employed is destitute of hairs 
in most instances (the sole is hairy in the Polar Bear). From 
the structure of the foot, the Flafitigrada have great power of 
rearing themselves up on the hind-feet. They approach the 
Inscctivora in their comparatively slow movements and their 
nocturnal habits, and in possessing no ca3cum. They mostly 
hibernate, and their feet are always pentadactylous. 

The typical family of the Plantigrade Carnivora is that of 
the Ursidec or Bears, in which the entire sole of the foot is 
applied to the ground in walking. The Ursidee are much less 
purely carnivorous than the majority of the order, and, in ac- 
cordance with their omnivorous habits, the teeth do not ex- 
hibit the typical carnivorous characters. The incisors and 
canines have the ordinary carnivorous form, but the “ carnas- 
sial ” teeth have tuberculate crowns, instead of a sharp cutting- 
edge. The dental formula in Ursus (fig. 428) is — 


. 3 - 3 ; , 

—3 I— I 


, 4 4 2 2 

pm ^ ^ \ m — 42. 

4—4 3—3 


The dental formula of the Bears is thus the same as that of the 


Dogs ; but the second and third praemolars are small and 
usually deciduous; while the first prremolar is also often 
caducous. The last . prmmolar and all the molars have tuber- 
culate crowns, and the carnassials are not of specially large 
size, these characters being equally present in the liesh-eating 
Polar Bear and the strictly vegetarian Sun-bear. 

The claws are formed for digging, large, strong, and curved, 
but are fiot retractile. The tongue is smooth ; the ears small, 



740 


MANUAL OF ZOOLOGY. 


erect, and rounded ; the tail short ; the nose forms a movable 
truncated snout ; and the pupil is circular. 

As shown by their smooth tongues and tuberculate molars, 
the Bears are not peculiarly or strictly carnivorous. They eat 



Fig. 428. — Dentition of the Polar {Thalassarctos maritimus). 


desh when they can obtain it, but a great part of their food is 
of a vegetable nature. 

The Bears are very generally distributed over the globe, Australia and 
Africa alone having no representative of the family. The common Brown 
Bear (Ursus arctos) was at one time an inhabitant of Britain, and also 
existed over the whole of Europe. At the present day the Brown Bear is 
only found in the great forests of the north of Europe and in Asia, and in 
the Arctic portions of North America. It feeds on roots, fruits, honey, 
insects, and, when it can obtain them, upon other Mammals. It attains a 
great age, and hibernates during the winter months. Very nearly allied 
to the Brown Bear is the Black Bear of America (Ursus Americanus), 
Both are of some commercial value, being hunted for the sake of their 
skins, fat, and tongues. A much larger American species is the Grizzly 
Bear (Ursus ferox)^ found in many parts of the American continent. It is 
about twice as large as the ordinary Bear, but it is said to subsist to a 
great extent upon vegetable food, such as acorns. The most remarkable, 
however, of the Bears is the great White Bear ( Thalassarctos inaritimus')^ 
which is exclusively a native of the Arctic regions. It is a very large and 
powerful animal, the fur of which is cream-coloured. The paws are very 
long, and the soles of the feet are covered with coarse hair, giving the 
animal a firm foothold upon the ice. The Polar Bear differs from the 
other Ursidm in being exclusively carnivorous, since vegetable food would 
be generally unattainable. It is as much at home in the water as on land, 
and lives chiefly upon seals and fish, and the carcasses of Cetaceans. 

Amongst the other Bears may be mentioned the Sun-bears (Helarctos) 
of the Malayan Archipelago, the Honey-bears (Prochilus or '^'^liirsus) of 
India, and the Spectacled Bear (Helarctos or Tremarctos ornatus) of the 
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Peruvian and Chilian Andes, the sole representative of the Ursida in 
South America. 

The family Procyonidx includes a number of small American 
Carnivores, which are nearly allied to the Bears. The Racoons 
{Frocyofi^ fig. 429) are natives of tropical and northern America, 



Fig. 429. — Skull of Racoon {Procyon lotor). (After Giebel) 


and have a decided external resemblance to the Bears. They 
have tolerably long tails, however, and sharp muzzles. The 
commonest species is the Procyofi lotor of North America, 
which derives its specific name from its habit of soaking its 
food in water before eating it. The dental formula of Procyon 
is — • 


3—3 . 
—3 ' 



pm 


4—4 . 

4—4’ 


2 — 2 

m ^ 40. 
2 — 2 


The Coatis (JVasua) are very closely allied to the Racoons, 
and are exclusively confined to the American continent. The 
Kinkajous (Cercoleptes) are inhabitants of South America, ex- 
tending their range northwards to Mexico, and, as is the case 
with so many of the animals of this continent, they are adapted 
for an arboreal life, to which end their tails are prehensile. 
They appear to represent in the western hemisphere the 
Lemurs of the Old World, to which they present certain points 
of affinity. Forming a transition between the Procyotiidce and 
the Civets {Viverrida) is the curious Caconiixle {Bassaris 
astuta)^ which is a native of California, Texas, and parts of 
Mexico, and is arboreal in its habits. 

Nearly related to the preceding is tlie family of the ^lurida^ 
comprising the well-known ‘‘ Wah'' or “Panda*' (^It/rus fu/gens) 
of India and Thibet, and the JEluropus of the latter country. 
The former is a cat-like animal, chestnut-brown above and 


742 


MANUAL OF ZOOLOGY. 


black inferiorly, with a white face and ears, and the latter is 
almost completely white in colour. Like the Kinkajous, but 
unlike the Coatis and Racoons, the j^ltirus has retractile 
claws. 

The only remaining family of the Plantigrada is that of the 
Melidce or Badgers, characterised by their elongated bodies 
and short legs, and forming a transition between the Ursidce 
and Mustelidce, They agree with the latter group in the pos- 
session of odoriferous anal glands. The dental formula of the 
Badger is as follows (Baird) — 


c 

3“3 




The first praemolar in the lower jaw is very minute, and is 
soon lost; the upper carnassial has a well-marked internal 
tubercle; and the upper molar is of comparatively large size, 
nearly equalling the carnassial in its dimensions. 

The common Badger {Mcles taxns)^ which may be regarded 
as the type of this group, occurs in Britain, and is one of the 
most inoffensive of animals. It is nocturnal in its habits, and 
is a very miscellaneous feeder, not refusing anything edible 
which may come in its way, though living mainly on roots and 
fruits. The Badger burrows with great ease, and can bite very 
severely. The European Badger is represented in the United 
States and Canada by the Siffieur ” {Tax idea Labradorica)^ and 
in the hilly parts of India by the Indian Badger {Metes or 
Arcto 7 iyx cotlaris). The Glutton {Gulo luscus), often called the 
Wolverine, is of common occurrence in the northern parts of 
Europe, Asia, and America. It is from two to three feet in 
length, and though doubtless a tolerably voracious animal, it 
is certainly not so much so as to deserve the name of Glutton. 
Idle Grison {Galictis) is a closely-allied form which is found 
in South America. These two genera are often placed among 
the Mustclidce, The Ratels or Honey-badgers {Mellivora) are 
much like the common Badger in their habits and appearance, 
but they have only one lower molar (the carnassial) on each 
side. They are natives of southern and eastern Africa, and 
India. The Skunks {A^ephitis) are sometimes placed in this 
family, to which they are allied through the singular Mydaus 
of Java and Sumatra. 

Section III. Digitigrada. — In this section of the Carnhwra 
the heel is raised above the ground, with the whole or the 
greater part of the metacarpus and metatarsus, so that the 
animals walk more or less completely on the tips of the toes 
(fig. 424, C). No absolute line, however, of demarc*.tion can 
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be drawn between the Plantigrade and Digitigrade sections of 
the Carnivora^ since many forms Mustelidm and Viver- 
ridce) exhibit transitional characters, and it has even been pro- 
posed to place these in a separate section, under the name of 
Semi-plantigrada. Moreover, the Musielidce and Melidce are 
so nearly allied that they can with difficulty be kept apart. 

The first family of the Digitigrada is that of the MustelidcR 
or Weasels, including a number of small Carnivores, with short 
legs, elongated worm-like bodies, and a peculiar gliding mode 
of progression (hence the name of Ferwi/ormes, sometimes 
applied to the group). The dental formula of Afiistela proper 
is— 


3—3 . 
—3 ' 



4 — 4 . 

4—4' 



- 38. 


In the nearly-allied genus Piitorius (fig. 430) there is a prae- 
molar less above and below. 

Among the best known of the ATusteUdm are the common 
Weasel {Tutor ius vulgaris), the Polecat {Tutor ius fodtidus), and 



Fis- 430.— Skull of ihc Polecat {Putorius Jietidus). 


the Ferret {Tutor ius furd), the last being usually regarded as 
an albino variety (now permanent) of one of the Polecats. 
It is really an African form, but it has been long domesticated 
in Europe. Nearly-allied types are the Ermine or Stoat {Tu- 
torius erminea), and the Minks {T vison and T, lutreold) of 
North America and Europe. Among the species of Afustcia 
proper may be mentioned the Pine-marten {AL marks) and 
Stone-marten {Af, foina) of Europe and Asia, the Pekan or 
“Fisher’^ {AI, Teunafitii) of North America, the true Sable 
{Af. zibellina) of northern Asia, and the American Sable {AI. 
Americana). The Afustelidce are of commercial importance 
as yiel(jing beautiful and highly-valued furs, the skins of the 
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Sable, Ermine, Black Mink, and Pekan, being specially sought 
after. 

Almost all the Weasels have a very disagreeable odour, produced by the 
secretion of greatly-developed and modified sebaceous glands, placed in 
the neighbourhood of the anus, and known as the anal glands. In this 
respect, however, the nearly-allied genus Mephitis^ comprising the Ameri- 
can Skunk, is facile princeps. The Skunk is a pretty little animal, with a 
long bushy tail, and when unmolested it is perfectly harmless. If pursued 
or irritated, however, it has the power of ejecting the secretion of the anal 
glands to a greater or less distance with considerable force. The odour of 
this secretion is so powerful and persistent that no amount of washing will 
remove it from a garment, and its characters are said to be of the most in- 
tensely disagreeable description. 

Nearly related to the family of the MusfelidcB are the Otters 
{Lutrd)^ distinguished by the possession of webbed feet adapted 



Fig. 431. — Skull of common Otter {Lutra vulgaris)., viewed from one side. 
(After Coueb.) 



Fig. 432. — Under view of the skull of the common Otter. (After Coues. ) 


for swimming. The body is long, the legs short, and the tail 
long, stout, and horizontally flattened. The common Otter 
{Lutra vulgaris^ figs. 431, 432) is a native of Britain, foequent- 
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ing the banks of streams and lakes. It lives upon fish, and 
is highly destructive to salmon. A closely -allied form is 
the American Otter (Lutra Canadensis), In the Sea -otters 
(Enhydris) the tail is very short. They are found on both 
sides of the North Pacific, and yield a very valuable fur, being 
much more strictly aquatic in their habits than the ordinary 
Otters. Besides Enhydris^ a species of Sea-otter belonging to 
the genus Nutria is found on the shores of North and South 
America, ranging from California to Chili. 

The second family of the Semi-plantigrade Carnivores is that 
of the Viverridce^ the Civets and Genettes. They are all of 
moderate size, with sharp muzzles and long tails, and more or 
less striped, or banded, or spotted. The dental formula of 
Viverra is — 


3—3 



4“r4 

4—4 



- 40 . 


The upper carnassial (the 4th praemolar) and the lower 
carnassial (the ist molar) have cutting edges (fig. 433) ; while 




Fig. 433. — Dentition of the Civet-cat {Viverra civctta). The upper figure shows 
the upper jaw, the lower figure gives the lower teeth. 


both the upper molars and the last lower molar have tubercu- 
late crowns. The canines are long, sharp, and pointed. The 
tongue is roughened by numerous prickly papillae. The claws 
are semi-retractile, and the pupils can contract, on exposure to 
light, till they resemble a mere line. In most of their charac- 
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ters, therefore, the Civets are much more highly carnivorous 
than are any of the preceding families, and they approach in 
many respects very close to the typical group of the Digitigrada 
(viz., the Felidce\ having especially very close affinities with the 
Hyaenas. Many of the species of the family are furnished with 
anal glands, which secrete the peculiar fatty substance known 
as “ civet.” All the ViverridcB belong to the Old World. 

The true Civet-cat is the Viverra dvetta^ a native of North Africa and 
Eastern Asia. It is a small nocturnal animal, which climbs trees with 
facility, and feeds chiefly upon small mammals, reptiles, and birds, but 
.also upon roots and fruits. It furnishes the greater part of the “civet” of 
commerce, which was formerly in great repute both as a perfume and as a 
medicinal agent. It is a pomade-like substance, with a strong musky 
odour, and is secreted by a deep double pouch beneath the anus. The 
Genette ( Viverra geiictta) is very closely related to the preceding, and is a 
native of Africa .and Southern luirope, being not uncommonly domesticated 
and kept like a cat. The anal pouch in the Genette is much reduced in 
size, and has hardly any perceptible secretion. Another nearly-allied form 
is the Ichneumon {Herpestes)^ one species of wliich is kept as a domestic 
animal in Egypt, and lives upon Snakes, Lizards, the eggs of the Crocodile, 
and small ^lammals. 

Among the numerous other forms which are referred to the ViverridiC 
may be mentioned the of the Indian province; the prehen- 
sile-tailed “ Ilenturongs ” {Arciictis) of India, and 
Sumatra and Java; the web-footed Cynogalc of Bor- 
neo; the “Mangue”(C;wJrt';r/777.9)of Western Africa ; 
the “ Suricate ” {KliyziPua) of South Africa ; and the 
curious Cryptoprocta of Madagascar. 

Forming a transition between the Fiver- 
ridcE and the Felid(e is the family of the 
Hyccfiidce, distinguished by the fact that, 
alone of all the Carnivora, both pairs of feet 
have only four toes each. The hind-legs 
are shorter than the fore-legs, so that the 
Fig. 4-54 — Crown of the truiik siiiks towards the hind-cpiarters, and 
oir the tail is short. The tongue is rough and 

(//. sMnta), of the prickly. The head is extremely broad, the 
muzzle rounded, and the muscles of the 
jaw extremely powerful and well developed. The claws are 
non-retractile. All the praemolars and molars arc trenchant 
except the last upper molar, which is tuberculate. The upper 
carnassial has an internal tubercle (fig. 434), and the lower 
carnassial is wholly trenchant. The dental formula is — 



-I ^ 4 — 4 I— -I 


All the known species of Hyoena are confined to the Old 
World. The striped Hyaena (AT. striata) is found in- North 
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Africa, Asia Minor, Arabia, and Persia, ranging into India. 
The spotted Hyaena {If, crocufa) occurs all over Africa south 
of the Sahara; and the Brown Hyaena {If brumiea) is also 
found in the south of Africa. 

Closely allied to the Hyaenas is the curious Aardwolf {Pro- 
teles),, of South Africa, sometimes raised to the rank of a dis- 
tinct family {ProteiidcB), which has decided affinities with the 
Civets. It has the fore-feet pentadactylous, and the hind-feet 
tetradactylous (as in the Dogs). It is a nocturnal burrowing 
animal, about as large as a Fox, and of a yellowish-grey colour, 
with black stripes on the sides, and it feeds on White Ants and 
carrion. 

The next family is that of the Canidic^ comprising the Dogs, 
Wolves, Foxes, and Jackals. The members of this family 
are characterised by having pointed muzzles, smooth tongues, 



Fig. 435. ' Dentition of the Wolf (Cants Inpns') : Upper carnassial ; 

T>ower carnassial. 


and n on-retractile claws. The fore-feet have five toes each, 
the hind-feet have only four. A large cajcura is present (being 
small in the Cats and absent in the Bears). 1'he snout is pro- 
longed, and there is a numerous series of teeth (fig. 435)» 
dental formula of the Dog being — 




3 

—3 



pm 


4—4 

4—4 



42. 
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Some of the anterior praemolars, and especially the first, may 
disappear in late life, and the carnassial teeth are of large size. 
Both of the upper molars and the last two of the lower molars 
on each side are tuberculate. 

The true Dogs (/.^., the Dog and Wolf) have round or 
oblique pupils, and a tail which is of moderate length and 
rarely very hairy. The Foxes ( Vulpes) have very long bushy 
tails, and the pupil contracts to a mere line. 

The Dog {Canis familiaris) is only known to us at the present day as a 
domesticated animal. Such wild dogs as there are, are probably merely 
derived from the domestic dog ; and the original stock, or stocks, from 
which our numerous varieties of dogs have sprung, is still uncertain. It is 
worth while remembering, however, that all our varieties of dogs arc cap- 
able of interbreeding ; and there is a strong probability that the Wolf is the 
parent stock of at least some of our domestic breeds. The Dog, in fact, 
will interbreed with both the Wolf and the Jackal. The “native dog” 
{Canis dingo) of Australia is generally supposed to be only a variety of the 
Cants familiaris^ and this is certainly the case with the so-called “native 
dog ” of New Zealand. 

The genus Canis ^ besides the Dog, contains the well-known Jackal 
{Canis aureus) and the Wolf {Canis lupus)^ and many writers place the 
Foxes in the same genus. The Foxes, however, are better considered as 
forming a separate genus {Vulpes)^ of which there are many species, all 
more or less like the common Fox ( Vulpes vulgaris). One of the most 
remarkable species is the Arctic Fox ( Vulpes lagopus)^ which abounds in 
the Arctic regions, and changes its colour with the season, being brown or 
bluish in summer, and white in winter. The soles of its feet are hairy. 
Other well-known Foxes are the Red Fox (F. fulvus) of North America, 
the Deccan Fox {V. Bengalensis) of India, and the Caama {V. Caama) of 
Africa. 

The Jackals have a round pupil, a long muzzle, and a dental formula 
like that of the D(jgs. They inhabit Asia and Africa, are gregarious, hunt 
in packs, and burrow in the ground. Other species are found in South 
America. 

One of the most aberrant members of the Canidte is the curious Lycaon 
pictus or “Hunting Dog ” of South Africa, which agrees with the Dogs in 
its dentition and osteology, but resembles the llytenas in the fact that all 
the feet are tetradactylous. Other aberrant members of the Canidtc are 
the long-eared Megalotis Lalandii of South Africa, and the Racoon-Dog 
(Nyctereutes procyonoidcs) of Eastern Asia. 

The last group of the Digitigrada is that of the Feiidce or 
Cat tribe, comprising the most typical members of the whole 
order of the Carnivora^ such as the Lions, Tigers, Leopards, 
Cats, and Panthers. The members of this family all walk 
upon the tips of their toes, the soles of their feet being hairy, 
and the whole of the metacarpus and heel being raised above 
the ground (fig. 424, C). The jaws are short, and owing to 
this fact, and to the great size of the muscles concerned in 
mastication, the head assumes a short and rounded form, with 
an abbreviated and rounded muzzle. The molars and prae- 
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molars (fig. 423) are fewer in number than in any other of the 
Carnivora (hence the shortness of the jaws), and they are all 
trenchant, except the last molar in the upper jaw, which is 
very small arid is tuberculate. The upper carnassial has three 
lobes, and a blunt heel or internal process. The lower car- 
nassial has two cutting lobes, and no internal process. The 
dental formula is — 



3 . 

3’ 





= 30 - 


'Fhe legs are nearly of equal size, and the hind-feet have 
only four toes each, whilst the fore-feet have five. All the 
toes are furnished with strong, curved, retractile claws, which, 
when not in use, are withdrawn within sheaths by the action of 
elastic ligaments, so as not to be unnecessarily blunted. The 
ungual phalanges (fig. 436) are strongly bent near their middle, 
and the resistance of the ligaments which retract the claws is 
overcome (when the claws are to be protruded) by the con- 
traction of the flexor profundus pcrforans. The tongue is 



Fig. 436. — Bones and ligaments of the toe of a Cat, showing the claw retiacted (A) 
and protruded (B). 

roughened and rendered prickly by the presence of horny 
papillae, thus rendering it a most efficient rasp in licking the 
flesh from the bones of the prey. All the members of this 
group are exceedingly light upon their feet, and are exces- 
sively muscular, and they have all the habit of seizing their 
prey by suddenly springing upon it. 

It is questionable if any good genera have hitherto been 
established in this family, as far as recent forms are concerned. 
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and all the living species may be considered as belonging to 
the single genus Felis. The species of Felida are found all 
over the world, except in Australia, New Zealand, the Malayan 
Archipelago east of “ Wallace’s line,” and the Antilles. 



Fig. 437.—Side-view of the skull of the Lion (Fe/ts leo). 

The Lion {Felis leo) is too well known to require much special notice. 
Its colour is always uniform, generally a yellowish or reddish brown. The 
tail is terminated by a tuft of long hairs, and the male is usually furnished 
with a mane, which is very short, however, in an Indian variety. The 
Lion is exclusively confined to the Old World, and is an inhal)itant of 
Africa and the south-western parts of Asia. It is doubtful how far any 
valid species of Lions have as yet been established. The laons are all 
nocturnal, and capture their prey by suddenly leaping upon it.. They are 
by no means the generous and courageous animals they are generally con- 
sidered to be; but, on the contrary, are cruel, cunning, and cowardly. 
They are enormously strong, and it is said that a full-grown I.ion can run, 
and even leap, though carrying an ox in its jaws. Though now much 
restricted in its range, the Lion had formerly a much more extensive dis- 
tribution, a form considerably larger than the modern species having 
formerly existed in Europe, and even in Britain (Felis spehca). High 
authorities, however, doubt if the “ Cave - lion ” is specifically separable 
from the existing Felis leo. 

In the Tigers (Felis tigris\ the tail is without a tuft of hairs at its ex- 
tremity, and the skin is marked with stripes or spots. The Royal or 
Bengal Tiger is a native of southern Asia, but occurs also in Java, Borneo, 
and Sumatra. The skin is reddish yellow, marked with numerous trans- 
verse black stripes. It is a large and powerful animal, and upon the whole, 
is probably a more dangerous opponent than even the Lion. 

Of the large Spotted Cats, the largest is the Jaguar (Felis onca), which 
inhabits South America and the southern parts of North America. It is a 
very large and powerful animal, said to be able to carry a bullock without 
difficulty, and it can both swim and climb with great facility. Another 

• American species is the Puma (Felis concolor\ in which the colour is uni- 
formly reddish brown. It is exclusively confined to America, and though 
of large size it is a very cowardly animal, and is seldom known to attack 
man. 

The Leopard or Panther (Felis pardus) is another well-known Species, 
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smaller than the Tiger, and marked with black spots in place of stripes. 
It is a native of all the warmer parts of the Old World. 

The Ounce {Felis uncia) is nearly allied to the Leopard, but lives at 
great heights in the mountain-ranges of Central Asia. Another allied form 
is the Cheetah or Hunting Leopard (Felis jubata) of southern Asia and 
Africa, which is often raised to the rank of a distinct genus under the name 
of Cynalurus. It has very long legs, and the claws are only imperfectly 
retractile. Among the smaller Spotted Cats may be mentioned the Ocelot 
(F. pardalis)^ ranging from Mexico to Brazil; the Felis viverrina of India, 
China, and Malacca ; and the Colocolo {F, fcrox) of Central America. 

Of the smaller Felicia^ the best known are the Lynxes and the Cats, 
properly so called. Of these the Lynxes are distinguished by their short 
tails, arid by the fact that the ears are furnished with a pencil of hairs. 
They differ so much from the other Felidie as to be often placed in a sepa- 
rate genus {Lyncus), The best-known species are the European Lynx 
{Felis lyncus), the Caracal {F. caracaiy of southern Asia and Africa, and 
the Canadian Lynx {F. Canadensis) of North America. In the true Cats 
{Felis catns) the tail is long, and the ears are not tufted. The Wild Cat 
formerly abounded in Britain, but is now almost extinct, though it still 
occurs in Europe, especially in the llartz and Carpathian Mountains. It 
is a large and fierce animal, and appears to be quite a match for any man 
not possessing firearms. It seems tolerably certain that the Wild Cat 
is not the original stock of the Domestic Cat, the exact origin of which is 
uncertain. The Felis chans is the common Jungle-cat” of India and 
Africa. 

As regards the distribution of the Carnivora in timCy the 
order does not appear to be represented earlier than the 
Eocene period, though our knowledge on this subject is cer- 
tainly defective, as shown by the fact that the oldest forms at 
present known are referable to highly specialised groups. 

The aquatic Carnivores {Pinnipedia) appear to commence 
in the Miocene Tertiary, but they are principally known as 
Post-tertiary fossils. 

The great family of the Ursidee is represented in Miocene 
times by the genus Hycenarctos, True Bears first appear 
during the Pliocene, and in the Post-pliocene period Europe 
posssessed several Bears, of which the well-known “Cave- 
bear ( Ursus spelceus) is the best known. 

The Procyonidee are doubtfully known in deposits anterior to 
the Post-pliocene. 

The Mustelidoe date back to the Miocene, but present no 
points of special interest. 

The Viverridee are an ancient group, and are represented 
by a number of extinct types. Two Viverrine forms {Tylodon 
and Palceonydis) occur in the Eocene Tertiary of Europe ; and 
in the Miocene are found several interesting examples of the 
group, of which the most remarkable is the genus Ictitherium^ 
which is in some respects nearly allied to the Hyaenas. 

PTya/iidts are not known from deposits older than the 
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Upper Miocene, but the best known fossil member of this 
family is the Cave- hyaena (Zf. spelced) of the Post -pliocene, 
which is probably but a variety of the living Hyana crocuta. 

The family of the Canidce seems to be one of the oldest of 
the families of the Carnivora^ and is represented in the Eocene 
period by several genera {Cynodictis^ Galethylax^ &c.) In the 
later Tertiary and Post-tertiary, various extinct forms of this 
family are likewise known to occur. 

The family of the JlycenodontidcB comprises certain extinct 
Eocene Carnivores {Hycenodoriy Pterodon^ &c.), in which there 
is the anomalous feature that all the praemolars and molars 
have cutting edges. 

Lastly, the family of the Felidce appears to commence in the 
Eocene period, the best-known extinct type of this family being 
the genus Machairodus including the so-called ‘‘sabre-toothed 
Tigers.’* In this wonderful genus we are presented with the 
most highly carnivorous type of all known beasts of prey. Not 
only are the jaws shorter in proportion than those of the most 
rapacious of existing Felidce, but the canine teeth are of enor- 
mous size, compressed and sabre-shaped, and having their mar- 
gins finely serrated. Species of Machairodus must have been 
as large as the living Lion ; and the genus has an extraordin- 
ary range both in time and space, occurring in North and South 
America, in India, and in Europe, and extending from the 
Miocene to the Human period. 


CHAPTER LXXVI. 

RODENTIA. 

Order XIII. Rodentia. — The thirteenth order of Mammalia 
is that of the Rodentia, or Rodent Animals, often spoken of as 
Glires, comprising the Mice, Rats, Squirrels, Rabbits, Hares, 
Beavers, &c. 

The Rodentia are characterised by the possession of two long 
curved incisor teeth in each jaw, separated by a wide interval from 
the molars. The lower jaw nei^er has more than tuto of these in- 
cisors, and the upper jaw very rarely ; but sometimes there are 
four upper incisors. There are no canine teethe and the molars 
and prcemolars are few in number (rarely more than four on each 
side of the jaw). The feet are usually furnished with five toes 
each, all of which are armed with claws; and the hallux^, when 
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present^ does not differ in form from the other digits. The testes 
pass periodically from the abdomen into a temporary scrotum^ and 
the placenta is discoidal and deciduate. 

The most characteristic point about the Rodents is to be 
found in the structure of the incisors, which are adapted for 
continuous gnawing — hence the name of Rodentia, The in- 
cisor teeth are commonly two in each jaw, and they grow from 
persistent pulps, so that they continue to grow throughout the 
life of the animal. They are large, long, and curved, forming 
segments of a circle (fig. 438, A), and are covered anteriorly 
by a plate of hard enamel. The back part of each incisor is 
composed only of the comparatively soft dentine, so that when 
the tooth is exposed to attrition, the soft dentine behind wears 
away more rapidly than the hard enamel in front. The result 
of this is that the crown of the tooth acquires by use a chisel- 
like shape, bevelled away behind, and the enamel forms a per- 
sistent cutting-edge. 

The gnawing action of the incisors is assisted by the articu- 
lation of the lower jaw, the condyle of which is placed longi- 



Fig. 438.— A, Side-view of the skull oi Sciurns {Cynomp') Lud<n>ichmus\ B, Molar 
teeth of the upper jaw of the Beaver {^Castor fiber). (After Oiebel.) 


tudinally and not transversely, so that the jaw slides backwards 
and forwards. The molars, consequently, have flat crowns 
(fig. 438, B), the enamelled surfaces of which are always 
arranged in transverse ridges, in opposition to the antero- 
posterior movements of the jaw. The intestine is very long, 
and the caecum voluminous (rarely wanting). The brain is 
nearly smooth, and without convolutions. The orbits are not 
separated from the temporal fossae, and the eyes are directed 
laterally. The Rodents are almost all very small animals, and 
they are mostly very prolific. They subsist principally, if not 
entirely, •upon vegetable matters, especially the harder parts of 

3 B. 
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plants, such as the bark and roots. Many of them possess the 
power of building elaborate nests, and most of them hibernate. 
They are very generally distributed over the whole world, but 
no member of the order has hitherto been detected in rocks 
older than the Eocene Tertiary. 

In accordance with the number of the incisor teeth, the 
Rodents may be divided into the following two primary 
sections : — 

(i.) SiMPLiciDENTATA. — Only two Upper incisors, and these 
enamelled in front only. This division comprises all the 
Rodents except the Leporidcz and Lagomyda, 

(2.) Duplicidentata. — (Hares, Rabbits, and Calling 
Hares). Two rudimentary incisors behind the large central ones. 

The order Rodentia comprises a very large number of fami- 
lies, which can be merely noticed here. 

Fam. I. Leporidce. — In this family are the Hares {Lepus 
timidus) and Rabbits {JLepus cuniculus), distinguished amongst 
the Rodents by the possession of two small incisors in the 
upper jaw, placed behind the central chisel- shaped incisors, so 
that there are four upper incisors in all. The molars and prae- 
molars are rootless, and the dental formula is — 




pm 3-33 

2 — 2 3—3 


28. 


The clavicles are imperfect. The fore-legs are furnished 
with five toes, and are considerably shorter than the hind-legs, 
which have only four toes. The two orbits communicate by 
an aperture in the septum. There is a short erect tail. 

The common Hare [Lepus timidus) is dispersed over the 
whole of Europe, but is not met with in Northern Scandinavia, 
its place there being taken by the Mountain-hare (white in 
winter), which occurs commonly in Scotland, As a rule, the 
Hares occur in temperate regions, but some are found in 
Africa, and one species [Lepus glacialis) is a native of the Arctic 
regions, whilst the common American Hare (Z. Americanus) 
extends from Canada to Mexico. The Rabbit [Lepus cunicu- 
/us) is also a native of temperate regions, but appears to thrive, 
to a more than average extent, in Australia. 

Fam, 2. Lagontydce. — In the Calling Hares or Pikas [Lago- 
mys\ which form this family, the legs do not differ much in 
size, there is no visible tail, and the clavicles are nearly com- 
plete. There are only five back teeth (instead of six) on each 
side of the upper jaw, but there are two rudimentary incisors 
besides the central ones. They resemble the Guinea-pigs in 
form, and are found in Russia, Siberia, and North Anperica. 
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Fam. 3. Caviidce. — In this family the tail is rudimentary; 
the incisors are short ; the back teeth are rootless ; the clavicles 
are rudimentary or wanting ; the feet are, typically, three-toed, 
and the claws ate in the form of hoof-like nails. They are all 
South American. The Capybara {ffydrochosms capybara) is 
the largest of living Rodents, attaining a length of three or 
four feet. It leads a semi-aquatic life, and has the feet incom- 
pletely webbed. The Cavia aperea has short legs and ears, and 
is believed to be the parent stock of the domesticated Guinea- 
pigs; while other species of Cavy are also found in South 
America. 

The Agoutis and Pacas are sometimes separated as a distinct 
family i^Dasyproctidce)^ having long incisors, molars at first root- 
less, but afterwards rooted, rudimentary clavicles, and five-toed 
fore-feet. The Agouti {Dasyprocta Aguti) is found in Guiana, 
Brazil, and Peru. Its fore-feet are five-toed, but the hind-feet 
have only three toes. The Paca ( Cmlogenys paca) has five toes 
on both the hind and fore feet. It has the zygomatic arches 
enormously inflated, the maxillary portions being hollowed 
out into chambers which are lined by mucous membrane, and 
open into the mouth, and the use of which is quite unknown. 
It inhabits Central and South America. 

Fam, 4. HystricidcB, — In this family are the well-known Por- 
cupines, distinguished from the other Rodents by the fact that 
the body is covered with long spines or ‘‘ quills,” mixed with 
bristly hairs. They have four back teeth on each side of each 
jaw, and they possess imperfect clavicles. 

The true Porcupines {Hystrix) have non -prehensile tails, 
which are mostly furnished with long hollow spines, but some- 
times with scales and bristles. As at present restricted, they 
are found in the Old World only. They are mostly inhabi- 
tants of hot climates, with the exception of the common Por- 
cupine {II, cristatd)^ which occurs in Southern Europe and in 
the north of Africa. In the genus Atherura of Asia and the 
Indian Archipelago, the tail is long and scaly, and is termi- 
nated by a bundle of flattened horny strips. 

Fam, 5. Cercolabidce, — This family is hardly separable from 
the preceding, the chief difference being that the animals com- 
posing it spend more or less of their lives in trees, and are 
therefore adapted for climbing. The CercolahidcK comprise 
the American Porcupines, of which the principal genera are 
Erethizon and Cercolabes, In the genus Erethizoiiy represented 
by the Canada Porcupine {E, dorsatum) of North America, the 
quills are short, and are half hidden in the hair, and, though 
the anirttal is arboreal in habit, the tail is non-prehensile. 
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The nearly-allied genus Cercoiabes or Sphingurus is South 
and Central American, and it is distinguished from the preced- 
ing by the possession of a long prehensile tail. In fact, the 
species of Cercoiabes^ like so many of the inhabitants of this 
wonderful continent, are adapted for an arboreal life, instead 
of being confined to the ground. 

JFam, 6. Octodontidce, — This family includes a large number 
of Rodents which are principally South American and African 
(Octodon, Echimys^ Ctenomys, 8 ic.) The best -known species 
is the b^aver-like Coypu {Myopotamiis coypus) of South Ame- 
rica, in which the hind-feet are webbed, and the tail is long 
and rounded. It inhabits burrows in the sides of streams, and 
it leads a semi-aquatic life. 

Among the other Ociodontida^ the species of Octodon live in South Ame- 
rica, and are rat-like Rodents, with short tufted tails, the molars being, 
typically, of a simple type. In Ctettomys, also South American, the toes 
of the hind-feet carry laterally a sort of comb of bristles. The Spiny Rats 
{Echintys) are found in the West Indies and in Africa, and have the hair 
mixed with fine spines, while the molars have complicated enamel-folds. 
Petromys is an African type. 

Earn, 7. Chinchillidce. — This family includes some South 
American Rodents, of which the true Chinchillas {Chinchilla) 
are the best known. They are small, squirrel-like, nocturnal 
animals, with large ears, and excessively soft fur, strictly ter- 
restrial in their habits, and having the hind-legs considerably 
longer than the fore-legs. The Alpine Viscachas {Lagidium) 
live on the Andes up to heights of 16,000 feet; and the Vis- 
cacha of the plains {Lagosiomus) inhabits the South American 
pampas. 

Fatn. 8. Castoridce. — The best-known example of this family 
is the beaver {Castor fiber). The distinctive peculiarities of 
the family are the presence of distinct clavicles, the posses- 
sion of five toes to each foot, and the fact that the hind-feet 
are webbed, adapting the animal to a semi-aquatic life. 

The Beaver is a large Rodent, attaining a length of from 
two and a half to three feet. Naturally it is a social animal, 
living in societies, and this is still the case in America,'*^ but in 
northern Europe and Asia, where the animal has been much 
hunted, it leads a solitary life. When living in social commu- 
nities the beavers build dams across the rivers, as well as habi- 
tations for themselves, by gnawing across the branches of trees 
or shrubs, and weaving them together, the whole being after- 
wards plastered with mud. There is no doubt but that the 

* The American Beaver is sometimes considered to be a distinct species 
[Castor Canadensis), 
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Beaver shows extraordinary ingenuity in these and similar 
operations; but there can be equally little doubt as to the 
greatly-exaggerated stories which have been set afloat in this 
connection. The tail is greatly flattened and scaly, and the 
animal gives the alarm by striking it upon the water. The 
Beaver is hunted chiefly for the sake of the skin, but also for 
the substance known as castoreum. This is a fatty substance, 
secreted by peculiar glands, and employed as a therapeutic 
agent. 

Fam, 9. SaccomydcB. — This family comprises the so-called 
Pouched Rats and Gophers of North America, all of which 
have large external cheek-pouches. Some of them \Geomys 
and Thomotfiys) have the fore -feet greatly developed, and 
adapted for burrowing ; whilst the so-called ‘'Kangaroo-rats^' 
(Dipodomys) have very long hind-legs, and the fore-limbs are 
not specially developed. The Gophers (Geomys, &c.) possess 
a pair of cheek-pouches, which are hairy inside, and open out- 
side the mouth, their use being to carry provender. The best- 
known species is the common Pocket - gopher {Geomys bur- 
sarms) of the Mississippi valley and Canada. 

Fam. 10. Spalacidce, — Nearly related to the American Go- 
phers are the Mole-rats (Spalax) of the Old World. These 
have a thick body, short legs, the tail rudimentary or absent, 
the molars rooted, and the feet five-toed. The Mole-rats are 
burrowing animals, in which the eyes are very small, and may 
be covered over by the skin, so as to be functionally useless. 
They live upon vegetable food, unlike the Mole, and some of 
them lay up a winter store. Georychus and Bathyergus are 
African forms of the group. 

Favu II. Muridce. — The next family of Rodents is that of 
the Muridce^ comprising the Rats, Mice, and Lemmings. In 
this family the tail is long, always thinly haired, sometimes 
naked and scaly. The lower incisors are narrow and pointed, 
and there are complete clavicles. The hind-feet are furnished 
with five toes, the fore-feet with four, together with a rudi- 
mentary pollex. The family comprises over three hundred 
living species, distributed over the whole world, except the 
islands of the Pacific, some of the species (such as the Brown 
Rat and the common Mouse) being similarly cosmopolitan in 
their range. 

The Rats {Mus ratius and Mus decumanus), the common 
Mouse {Mus musculus), the Field-mouse {Mus sylvaticus), and 
the Harvest-mouse messorius) are all well-known examples 
of this family, and are too familiar to require any description. 
The thi^e first are also common in North America, though not 
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indigenous. Closely allied to the true Rats are the Hamsters 
{Cricetus, fig. 440), and the Voles {Arvicola) •, the latter repre- 
sented by many species in both Europe and America. The 
molars of the Voles (fig. 439) are composed of alternating tri- 



Fig. 439.— Molar teeth of the Water-rat {Anncola amphibius). 


angular prisms. Three species of Arvicola (tlie Water-rat, the 
Field-vole, and the Black Vole) are found in Britain. 

A less familiar example of this family is the {My odes 

lemmus). This curious little Rodent is found inhabiting the 
mountainous regions of Norway and Sweden. It is chie% re- 



Fig. 440. — Common {Cricetus vul^^aris). 

markable for migrating at certain periods, generally towards the 
approach of winter, in immense multitudes and in a straight 
line, apparently in obedience to some blind mechanical im- 
pulse. In these journeys the Lemmings march in parallel 
columns, and nothing will induce them to deviate from the 
straight line of march, the migration always terminating in the 
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sea, and ending in the drowning of all that have survived the 
journey. 

The Gerbilles {Gerbillus\ though closely related to the 
Jerboas, are generally placed in this family. Here also may 
be placed the Musquash or Ondatra {Fiber zibethicus) of North 
America, which leads a semi-aquatic life, and has the tail com- 
pressed, and the hind-feet partly webbed. 

Fam. 1 2. Dipodidce, — The next family of the Rodents is that 
of the Dipodidce or Jerboas, mainly characterised by the dis- 
proportionate length of the hind -limbs as compared with 
the fore-limbs. The tail also is long and hairy, and there 
are complete clavicles. The Jerboas live in troops, and 
owing to the great length of the hind-legs, they can leap 
with great activity and to great distances. They are all of 
small size, and inhabit Russia, North Africa, and North 
America. The best-known members of this family are the 
common Jerboa {Dipus jFgypticus) of Africa and south-west- 
ern Asia, which lives in societies and constructs burrows ; 
the Jumping Hare { Pedetes Capensis) of South Africa, and the 
Jumping Mouse {Zapus or Meriones Hudsonicus) of North 
America. 

Fam. 13. Myoxidce. — The members of this family are com- 
monly known as Dormice, and they are often included in the 
following family of the Squirrels and Marmots. They only 
require to be mentioned, as they must not be confounded with 
the true Mice {Muridce) on the one hand, or the Shrew-mice 
{Soricidce) on the other; the latter, indeed, belonging to an- 
other order {Jnsectivora). The common Dormouse {Myoxus 
avellanarius) is a British species, and must be familiarly known 
to almost everybody. No species of this family have yet been 
described from the New World. In form, the Dormice are 
Squirrel-like, with a long and hairy tail. There are four rooted 
molars on each side ; the pollex is rudimentary; and the intes- 
tine is destitute of a caecum. 

Fam. 14. Sciuridce. — This is one of the most characteristic 
and familiar of the divisions of the Rodents, and it comprises 
the true Squirrels, the Flying Squirrels, and the Marmots. 
The molars are rooted, five in number in the upper jaw on 
each side (the first being often deciduous), and four on each 
side of the lower jaw ; their crowns, when unworn, being 
tuberculate. 

The true Squirrels {Sciurus) are familiarly known in the 
person of the common British species {Sciurus vulgaris), and 
the equally common Grey Squirrel {S. cinereus) of the United 
States. • Numerous species (about one hundred in number) 
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more or less closely allied to these occur in other countries, 
and they are especially abundant in North America. 

In the genera Pteromys and Sciuropterus^ or Flying Squirrels, 
there is a peculiar modification by which the animal can take 
extended leaps from tree to tree. The skin, namely, extends 
in the form of a broad membrane between the hind and fore 
legs, and this acts as a kind of parachute, supporting the 
animal in the air. There is, however, no power whatever of 
true flight, and the structure is identically the same as what 
we have previously seen in the Flying Phalangers {Petaurus)^ 
which take the place of the Flying Squirrels on the Australian 
continent. The Flying Squirrels are found in southern Asia, 
Polynesia, the north-east of Europe, Siberia, and North 
America. 


The Marmots (Ardomys), unlike the true Squirrels, are ter- 
restrial in their habits, and live in burrows, having short tails, 
thick bodies, and short legs. Various intermediate forms, how- 
ever, are known, by which a transition is effected between 
the typical Squirrels and the Marmots. Such, for example, 
are the Ground Squirrels (Tamias) of Europe, Asia, and North 
America. There are numerous species of this family inhabit- 
ing various parts of Europe and northern Asia, and generally 
distributed over the whole of North America. Good examples 
are the Alpine Marmot (A, Alpimis) of Europe, and the 
Prairie Dog {Cynomys Ludovicianus) of North America. 

The Pouched Marmots {Spermophilus) have cheek-pouches, 
and are widely distributed over North America, northern 
Europe, and northern Asia. 

As regards the distribution of the Rodeniia in time, very 
many fossil forms are known, the oldest appearing in the 

Eocene Tertiary, but the ex- 



tinct forms offer few points 
of special interest. The fam- 
ilies of the Sciuridce, Muridce, 
Myoxidce, and Octodontidce (?), 
have representatives in the 
Eocene, and the families of 
the Dipodidce, Castorid(E,Hys- 
iricidoe, Cavidce (?), and Lago- 
mydce in the Miocene de- 
posits. The Leporidce do not 


seem to have made their appearance earlier than the Pliocene. 
Amongst the fossil Rodents perhaps the most interesting are 


the extinct genera of Beavers. Of these the Steneofiber 

and Palceocastor are Miocene; Chalicomys is Pliocerfe; the 
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great Trogontherium (fig. 441) is Pliocene and Post-pliocene, 
and the equally gigantic Castor oides of North America is also 
found in the Post-pliocene deposits. 


CHAPTER LXXVII. 

CHEIROPTERA. 

Order XIV. Cheiroptera.* — This order is undoubtedly 
“the most distinctly circumscribed and natural group'' in the 
whole class of the Mammalia. The most obvious peculiarity 
of the Bats is the modification of the hand for the purpose of 
supporting a flying-membrane; but with this are correlated 
other structural characters of importance. 

The Cheiroptera are essentially characterised by the fact that 
the anterior limbs are longer than the posterior^ the digits of the 
foredimh^ with the exception of the pollex^ being enormously elon~ 
gated (fig. 442). These elongated fingers are united by an ex- 
panded 7)iembrane or patagiumf which is also extended between 
the fore afid hind limbs and the sides of the body^ and in many 
cases passes also betweefi the hind-limbs and the tail. The pata- 
gium thus fo7’med is fiaked, or nearly so^ on both sides ^ and it 
serves for flight. Of the fingers of the handy the polleXy and 
sometimes the next finger as welly is unguiculaiey or furnished 
with a claw ; but the other digits are destitute of nails. In the 
hind-limbs all the toes are unguiculatey and the hallux is not in 
any respect different frotn the other digits. Well-developed clavicles 
are always presenty and the radius has no power of rotation upon 
the ulna. The mammary glands are two in number, and are 
placed upon the chest. There are teeth of tlwee kindSy and the 
canines are always well developed. The molars are tuber culate 
or grooved in the frugivorous formsy and cuspidate in the insectiv- 
07’ous species. The ulna is rudimentary. The bones are 7 iot p 7 ieu- 
7natic. The testes are abdominal except during the breeding 
season. The stomach is complex and the intestine long in 
the fruit-eating Bats ; but the reverse of this obtains amongst 
the insectivorous forms. The Cheiroptera are cosmopolitan 
in their distribution, and the oldest known species is from the 
Eocene rocks. 

* The Cheiropterdytw placed by Linnoeus in his order Primates, which 
contain^ also the Lemurs, the Apes, and Man. 
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The most striking features in the structure of the Cheiroptera are those 
connected with the conformation of the limbs (fig. 442). The fore-limb is 
larger than the hind-limb, the strong and moderately long humerus ar- 
ticulating with a very large scapula. The clavicles are complete, and the 
sternum is keeled. The radius is long and well developed, but the ulna 



Fig. 442. — Skeleton of the Mouse-coloured Bat {Vespertilio murinns). a Humerus*, 
b Scapula ; d Radius, with the rudimentary ulna at its proximal end ; e Carpus ; 
/ Thumb ; gg Metacarpal bones ; s s Sternum ; p Pelvis ; i Supplementary bone 
attached to the calcaneum. 

is reduced to a mere splint-bone, which is anchylosed with the proximal 
end of the radius, all power of rotation of the fore-arm being thus lost. 
The thumb is short, and its last phalanx carries a claw. The index is 
long, but is shorter than the other digits, and often consists of its !hetacar- 
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pal only, in other cases with two short phalanges in addition. It is usu- 
ally clawless, but may (as in most of the Pteropida) be unguiculate. Of 
the remaining digits the medius is the longest ; and all are clawless, and 
possess two or three phalanges. 

In the hind-limb, the fibula is mostly incomplete, and the foot is fur- 
nished with five clawed toes. To the os calcis is attached, in most Bats, a 
cartilaginous or bony process or spur, which is directed inwards along the 
lower margin of the inter-femoral membrane, and serves to put this upon 
the stretch during flight. 

The Bats are all crepuscular and nocturnal in their habits, 
and are sometimes carnivorous, sometimes frugivorous. The 
eyes are small, but the ears are very large, and their sense of 
touch is most acute. During the day they retire to caves or 
crevices amongst the rocks, where they suspend themselves by 
means of the hind -feet, which are provided with curved 
claws. In their flight, though they can fly in the genuine and 
proper sense of the term, and can turn with great ease, they 
are by no means as rapid and as active as are the true birds. 
The tail is sometimes short, sometimes moderately long, and 
is usually included in a continuation of the leathery patagium, 
which stretches between the hind-legs, and is termed the 
“ inter-femoral membrane.” The body is covered with hair, 
but the patagium is usually hairless, or nearly so. Most of 
the Bats hibernate. 

The Cheiroptera are conveniently divided into the two sec- 
tions of the Insectivora and Frugivora, according as the diet 
consists of insects or of fruits. 

Section A. {Microcheiroptera), — In this section 

are the four families of the Vespertiliofiidce, Rhinolophidcey 
Noctilionidee, and Phyllostoniidee, 

Fa?n. I. Vespertilionidce, — In this family are the ordinary 
Bats, distinguished by having a dentition very like that of the 
order of the Insectivorous Mammals, the molar teeth being 
furnished with small pointed eminences or cusps, adapted for 
crushing insects, and the incisors being of small size. The 
nose is not furnished with leaf-like appendages, and the tail is 
elongated, and enclosed in a large inter-femoral membrane. 
The species of this family are generally distributed over the 
temperate and warm regions of both the Old and New Worlds. 
About fifteen species of this family have been described as 
British, but of these only two are at all common. Of these 
two, the Pipistrelle ( Vespertilio pipistrella) is the commonest 
species, occurring over the whole of Britain. The long-eared 
Bat {Flecotus auritus) is also not uncommon, and is distin- 
guished by its greatly elongated ears, which are confluent 
above die forehead. The largest British species is the Noctule 
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( Vespertilio noctula), which measures as much as fifteen indies 
in expanse of wing. 

Fam, 2. Rhinolophidce, — The second family of the Insec- 
tivorous Bats is that of the Rhinolophidcs or Horse-shoe Bats 
which in most respects are very similar to the VesperiilionidcE^ 
but are distinguished by the possession of a complex leaf-like 
apparatus appended to the nose. In the typical forms of the 
family the ears have no tragus or earlet. Of this family, two 
British species are known— the Greater and Lesser Horse-shoe 
Bats {Rhinolophus ferrum-equinum and R. hipposideros). 

Most of the Horse-shoe Bats are Asiatic and African, a few 
being found in Australia. The genera Nycteris and Megaderma 
are sometimes separated to form a distinct family {Nycteridce)^ 
distinguished by having very large ears, with a well-marked 
tragus or earlet. 

Fam, 3. Nociilionida or Embailonuridce. — In this family are a 
number of Bats which are principally South American, African, 
and Asiatic, and which are distinguished from the Vespertilion- 
idee by the fact that the tail usually perforates the inter*femoral 
membrane at or about its middle, and the incisors are of large 
size. 

Fam, 4. Phyllostomidce, — This is the only remaining family 
of the Insectivorous Bats, and comprises the well-known Vam- 
pire-bats (fig. 444, A), distinguished by having leaf-like nasal 

appendages, and by the 
fact that the ears are of 
small size ; whereas in 
the preceding they are 
always very large (^Rhi- 
nolophus)^ and are of- 
ten confluent above the 
forehead {Megaderma). 
They are all of large 
size, and are natives of 
South America, extend- 
ing northwards to Mex- 
ico and California. The* 
Vampire-bat (F/iyllosto- 

Fig. 443.;-Skull of the Javelin Bat {Phyllostoma has- pia Spectrum) haS an ex- 

tatumX showing the large canines, and cuspidate r 

molars. panse of Wing of two 

feet and a h^alf, and 
lives chiefly upon insects. Some species of the family have 
the habit of sucking the blood of sleeping animals, appearing 
sometimes to attack even man, though apparently never doing 
any substantial or lasting injury. « 
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Section B, Frugivora {Megacheiroptera).— In the fruit- 
eating section of the Cheiroptera are only the Pteropidoe or the 
Fox-bats, so called from the resemblance of the head to that 
of a fox (fig. ^44, B). The head in these bats is long and 



Fig. 444.— A, Head of V&mpire-hsit (A iec tops a ^er); B. Head of Fox-bat 
(Pteropus personatus). (After Gray.) 


pointed. The ears are simple and of moderate size, and the 
nose is destitute of any appendages. Cutting incisors and 
canines are present in both jaws, and the P'ox-bats do not 
altogether refuse to eat small birds or mammals. They live, 
however, almost exclusively upon fruits, and the molars are 
therefore not cuspidate, but are furnished with blunt tubercular 
crowns. The tail is very short, or is entirely absent. The 
inter-femoral membrane is much reduced in size; and the 
index (as well as the pollex) is almost always clawed. The 
Pteropida are amongst the largest of the Bats, one species — 
the Pteropus edulis^ or Kalong — attaining a length of from four 
to five feet from the tip of one wing to that of the other. The 
PteropidcR are especially characteristic of the Pacific Archi- 
pelago — Java, Sumatra, Borneo, &c. — but they also occur in 
Asia, Australia, and Africa. They do not occur, however, in 
either North or South America. 

As regards the distribution of the Cheiroptera in time^ the 
order dates from the Eocene Tertiary, where we find the re- 
mains of Vespertilionidcey essentially similar to existing forms. 
Professor Marsh has also detected the remains of the first 
American Tertiary Bats hitherto discovered in the Eocene of 
Wyoming. No fossil remains of Pteropidoe are known, but 
the bone-caves of Brazil (Post-pliocene) have yielded traces 
of several species of Phyllostomidce. 
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CHAPTER LXXVIII. 
INSECTIVORA, 


Order XV. Insectivora. — The fifteenth order of Mammals is 
that of the Insectivora^ comprising a number of small Mammals 
which are very similar to the Rodents- in many respects, but 
want the peculiar incisors of that order, and are likewise almost 
always furnished with clavicles. 

In the Insectivora^ all tJu three kinds of teeth are usually pres- 
ent ^ but the exact nature of the dentition varies considerably in 
different cases. The incisors and canines present little special, but 
the molars (fig. 445) are always serrated with numerous small 

pointed eminences or cusps, 
adapted for crushing in- 
sects, With one exception 
{Potamogale), clavicles are 
ahvays presmt in a co 7 n- 
plete form. All the feet 
are usually fumiished with 
five toes ; all the toes are 
furnished with claws ; 
and the animal walks on 
the soles of the feet, or is 
plantigrade. The testes 
pass periodically frorn the 
abdomen into a tcftiporary 
scrotum ; and the place^ita is deciduate and discoidal. They are 
mostly nocturnal and subterranean, and generally hibernate. 
They are all of small size, and are found everywhere, except 
in the continents of South America and Australia, where their 
place is filled by Marsupials. 

The order Insectivora has been divided variously by different 
authorities, but the following are the principal families : — 

Pam, I. Talpidce, — The body in this family is covered with 
hair ; the feet are formed for digging and burrowing, and the 
toes are furnished with strong curved claws. There are no 
external ears; and the eyes in the adult are very small, or 
may be covered by the skin. The clavicles are strong, the 
arm very short, the hand wide, and the palm turned outwards 
and backwards. The fur is short and velvety, and the tail 
very short or wanting, in most cases. 

The common {Talpa Europcea, 446) is the only 



Fig. 445- 


-Dentition of the common Mole ( Talpa 
Europa:a), 
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British species of the family, and is too well known to need 
any description. The dental formula of the Mole is — 


i 3—3 . 

3—3' 



4—4 

4—4 


m 


3—3 

3—3 


= 44. 


The nearly-allied Talpa ccdca of Southern Europe has the eyes 
covered by a membrane, pierced by a small central aperture. 
Other species of Talpa are found in India, China, and Japan. 



Fig. 446. — European Mole {Talpa Europ<ea). 


The star-nosed Moles (Condylura) are North American, and 
are distinguished by a fringe of elongated membranous car- 
uncles surrounding the nostrils. The tail is much longer than 
in the typical Moles \ the eyes are very minute ; and there are 
no external ears. 

Also North American is the genus Scalops, comprising the 
so-called Shrew-moles. In this genus the tail is short, the 
muzzle is long, with the nostrils at its extremity, and the eyes 
are very small and are hidden in the fur. The common Shrew- 
mole {Scalops aquaticus) has the hind-feet webbed, and is found 
everywhere in the United States east of the Mississippi. 

The Golden Moles {Chrysochlorts) of South Africa are often 
regarded as forming a special family. They are like the Moles 
in form and general habit ; but the hairs of the fur have the 
power of dispersing the rays of light, and thus of giving rise to 
beautiful metallic colours. The fore-feet have four toes, the 
second and third being very large and armed with immense 
claws; while the clavicles are not shortened (as they are in 
Talpa), The eyes are very minute, and covered by the skin. 
The dentition is quite peculiar, the dental formula being — 


/3-3 

2— O — O 


pm 


I— JC 

3—3 


m 


6—6 


5—5 


or 


5 5 ^ 26 or 40. 

4 4 



768 


MANUAL OF ZOOLOGY. 


Lastly, in the curious genus Urotrichus (sometimes referred 
to. the Myogalid(B\ of Japan and the north-west of America, 
the nose is long and cylindrical, terminated by a naked fleshy 
bulb, and extremely sensitive, the tail is moderately developed 
and hairy, and the fore-feet are adapted for burrowing. Allied 
forms have also been recently discovered in North China and 
Thibet. 

Fam. 2. Potamogalidce, — This family merely requires to be 
‘mentioned as founded for the reception of a single genus 
{Potamogale\ comprising only a single species {P, ve/ox). This 
animal is a curious Otter-like Insectivore, which leads a semi- 
aquatic life, to which end it has a long compressed tail. Cla- 
vicles are also entirely wanting. It is confined to the west of 
Africa. 

Fam. 3. SoricidcB. — The SoricidcR or Shrew-mice are distin- 
guished by having the body covered with hair, and the feet not 
adapted for digging ; whilst there are mostly external ears, and 
the eyes are well developed. The tail is nearly naked, and 
scaly ; the central upper and lower incisors are very large ; the 
tibia and fibula are united ; and there is no caecum. Of all 
the Insectivora^ no division is more abundant or more widely 
<listributed than that of the Shrew-mice, their range extending 
over North America and the whole of the Old World. In 
general form and appearance the Shrews very closely resemble 
the true Mice (Muridce) and the Dormice {Myoxzdce)f but they 
are in reality widely different, and must not be confounded 
with them. The Common Shrew {Sorex vulgaris), the Garden 
Shrew {Crocidura aranea), and the Water-Shrew (Crossopus 
fodiens) are well-known British species of this family. The 
smallest known Mammal is one of the Shrews (Sorex Etrus- 
cus), which is not more than two and a half inches in length, 
counting in the tail. 

Ths Desmans or Musk-rats, forming the genus Myogale, 
are sometimes placed here, sometimes in the family of the 
Talpidce, and are often raised to the rank of a distinct family 
(Myogalidce). They have the nose prolonged into a kind of 
flexible proboscis, whilst the feet are webbed, and the tail is 
compressed, thus adapting the animal for a semi-aquatic life. 

The dental formula is — 




pm 


Szi5 . 

5—5' 


W — - = 44- 

3—3 


The central incisors and the lateral lower incisors are very 
large and pyramidal; and the hind-legs are longer than the 
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fore-legs. Two species are known, one found in south-eastern 
Russia, the other in the Pyrenees. 

Fam. 4. FrinaceidcB , — The fourth family of the Insectivora is 
that of the Hedgehogs, characterised by the fact that the upper 



Fig. 447* — Skull of the common Hedgehog {Erinaceus Euro^aus). 


part of the body is covered with prickly spines, the feet are not 
adapted for digging, and they have the power of rolling them- 
selves into a ball at the approach of danger. The dental 
formula of the Hedgehog is — 


3—3 . 

-3’ 



pm 


4—4. 
2 — 2 ^ 


m - — ^ = 36. 
3“3 


The central upper and lower incisors are longer than tlie 
others ; and the first praimolars are the largest of all the teeth 
present. The first upper prcemolars are sometimes regarded 
as canines. The common Hedgehog {Erinaceus Europ(cus) is 
in every way a typical example of this family, but is too well 
known to require any description. Other species of the family 
are found in North and South Africa and in Asia. 

Fam, 5. Centetidcs . — The most typical members of this family 
are the “ Tenrecs ” {Centetes) of Madagascar. These are small 
animals resembling the Hedgehogs in appearance and habits, 
and having the back covered with hair intermixed with fine 
prickles or spiny bristles, but mostly destitute of the power of 
rolling themselves into a ball. They have a long proboscis- 
like nose, and the tail is generally rudimentary or absent. The 
genera Ericulus^ Echinops^ and Geogale of the island of Mada- 
gascar, are allied to CenteteSy the last having relationships with 
the Soricidee, Likewise related to the Tenrecs is the curious 
genus Solenodon of Cuba and Hayti, in which the nose is very 
long and pointed, the tail is long and scaly, and the body is 

3C 
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covered with coarse fur, without spines. The two central 
incisors of the lower jaw are small, and are placed between 
long conical lateral incisors, which are deeply grooved on their 
inner surfaces. We may also place here the singular Gymnura 
of Borneo, Sumatra, and the Malay Peninsula. In this genus, 
the body is covered with long, coarse fur, the tail is long and 
scaly, the snout is long, and the feet are five-toed. 

Fam, 6. Tupaiidtz. — The best known members of this family 
are the “Banxrings” or “Squirrel- shrews*^ (Tupaid) of India 
and the Malay Archipelago. These are squirrel-like Insec- 
tivores, with long bushy tails, the feet plantigrade, five-toed, 
with naked soles, and sickle - shaped claws. They climb 
actively amongst the trees, and also run with facility upon the 
ground. Closely allied to the TupaicR is the little Ftilocef'cus 
of Borneo, in which the tail is very long, and the hairs towards 
its extremity are arranged like the barbs of a feather. 

Fam, 7. MacroscelidcB. — This family includes only the little 
“ Elephant-shrews ” {Macroscelides) of Southern and Northern 
Africa. They are readily distinguished by their extraordi- 
narily elongated trunk-like nose, resembling the proboscis of 
an Elephant, and their very long Kangaroo-like hind-legs. 

Fam, 8. GaleopithecidcB — This family has been constituted 
for the reception of a very singular animal which forms a kind 
of connecting link between the orders of the Insectivora and 
Quadrt^mana, having been sometimes placed in the one and 
sometimes in the other, or having been regarded as the type 
of a separate order. The family includes only the single genus 
Galeopit/iecus, comprising two species of the so-called “ Colu- 
gos” or “Flying Lemurs.” The genus is confined to the 
Indian Archipelago, and the best-known species is the Galeo- 
pithecus volans of Malacca, Sumatra, and Borneo. The most 
characteristic point in this singular animal is the presence of a 
flying membrane, presenting some superficial resemblance to 
the patagium of the Bats, but in reality very much the same 
as the integumentary expansions of the Flying Squirrels and 
Flying Phalangers. This membrane in the Galeopithecus ex- 
tends as a broad expansion from the nape of the neck to the 
arms, from the arms to the hind-legs, and from the hind-legs to 
the tail, forming an inter-femoral membrane. The fingers are 
not elongated, and do not support a patagium, as in the Bats, 
so that the animal has no power of true flight, and can 
simply take extended leaps from tree to tree. The feet are 
furnished with five toes each, united by a membrane, but 
^either the hallux nor the pollex are opposable .to the other 
digits. The dental formula is — 
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2 — 2 
3—3 



m ^ ? = 34. 

3-3 


The upper incisors are separated by a wide central space, and 
the six lower incisors (fig. 448) are split into narrow strips, like 
the teeth of a comb. The Galeo- 
pithed seem to live chiefly upon 
fruits, and other vegetable matters. 

They are nocturnal animals, arbo- 
real in their habits, and they sleep 
head downwards, suspended by 
their prehensile tails. 

As regards the distribution of 
the Iftsectivora in time^ the earliest 
undoubted remains of the order 
occur in the Miocene, at which pc- Fig. 448,— Front of the lower jaw of 
riod the families of the Talpid^, 

Soriddce, Erinaceulce^ and Centetidce^ 

appear to have been already differentiated. The geological 
distribution of the order, however, presents no points of spe- 
cial interest. 



CHAPTER LXXIX. 


QUADRUMANA, 


Order XVL Quadrumana. — The sixteenth order of Mam- 
mals is that of the Quadrumana^ comprising the Apes, Mon- 
keys, Baboons, Lemurs, &c., characterised by the following 
points : — 

The hallux (innermost toe of the hind-limb) is separated from 
the other toeSy and is opposable to theniy so that the hind -feet 
become prehensile hands. The pollex (innermost toe of the fore- 
limbs) may be wantingy but when present y it also is usually oppos- 
able to the other digitSy so that the animal becomes truly quadru- 
manouSy or four-handed. 


The incisor teeth generally are 



and the 7fiolars 


3—3 

3—3’ 


with broad and tuberculate crowns. Perfect clavicles are present. 
The teats are two in numbery and (except in Cheiromys) are 
pectoral in positiony and the plcuenta is discoidal and deciduate. 
The Quadrumana are divided by Owen into three very 
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natural groups, separated from one another by their anatomical 
characters and by their geographical distribution as follows : — 

Section A. Strepsirhina , — The members of this section are 
characterised by the nostrils being curved or twisted, whilst 
the second digit of the hind-limb has a claw. This section 
includes the true Lemurs and a number of allied forms. It is 
chiefly referable to Madagascar as its geographical centre ; but 
it spreads westwards into Africa, and eastwards into the Indian 
Archipelago. 

Action B, Platyrhina . — This section includes those Quad- 
rumana in which the nostrils are placed far apart; the thumbs 
of the fore-feet are either wanting, or, if present, are not oppos- 
able to the other digits ; and the tail is generally prehensile. 
The Platyrhine Monkeys are exclusively confined to South 
America. 

Section C. Catarhina , — In this section the nostrils are ob- 
lique, and placed close together. The thumb of the fore-limb 



Fis* 449* — Green Monkey or Guenon {Cercocelms sabaits), (After Cuvier.) 


(pollex), with one exception, is present, and is always oppos- 
able to the other digits. The Catarhine Monkeys are restricted 
entirely to the Old World, and, with the single exception of a 
Monkey which inhabits the Rock of Gibraltar, they are exclu- 
sively confined to Africa and Asia. It is in the Catarhine sec- 


VERTEBRATA; MAMMALIA. 


773 


tion of the Quadrumana that we have the highest group of 
the Monkeys — that, nanjely, of the Anthropoid or Tail-less 
Apes. 


Strepsirhina. 


This section of the Quadrumana^ as before said, is charac- 
terised by the possession of twisted or curved nostrils, placed 
at the end of the snout. The incisor teeth are generally much 


modified, and are in number - ^ 

3—3 


as a rule ; the lower incisors 


are produced and slanting; the praemolars are 


3—3 

3—3 



and the molars are tuberculate. The second digit of the 
hind-limb has a claw, and both fore and hind feet have five 
toes each, all the thumbs being generally opposable. In the 
true Lemurs, all the digits, except the second toe of the hind- 
feet, are furnished with nails. 

This section is often called that of the Frosmice, and it in- 
cludes several families, of which the Aye-ayes, Loris, and true 
Lemurs are the most important. In many works the Gako- 
pithecus is also placed in this section. 

Milne-Edwards and Gervais, from an examination of the 
placentation of the Lemuroids and of their cerebral charac- 
ters, conclude that the group should be raised to the rank of 
a distinct order intermediate between the Carnivora and the 
Quadrumana, 

The family of the Aye-ayes {CheiromydcB) includes only a 
single animal, the Cheiromys Madagascariensis, In appearance 
the Aye-aye is not very unlike a large Squirrel, having a hairy 
body and a long bushy tail. There are no canines, and the 
molars (fig. 450) are separated by a wide interval from the 
incisors; while there is the additional Rodent-like character 
that the incisors are ploughshare-shaped, and grow from per- 
manent pulps. The dental formula is — 




pm ^ - ; m ^ - 18. 

0—0 3—3 


The fore-feet have five toes, armed with strong claws, but 
the pollex is scarcely opposable to the other digits. The 
middle finger is about as long as the ring-finger, but only about 
half as thick, its last two joints being hairless. The hind-feet 
have also five toes, of which the hallux is opposable, and the 
second* digit is furnished with a long claw ; as are all the toes 
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except the hallux, which has a flat nail. As far as is yet known, 
the Cheiromys is entirely confined to Madagascar. 

The family of the Tarsiida includes only the singular Tar- 
sins spectrum of Borneo, Sumatra, Celebes, and Banca, remark- 



Fig. 450. — Skull of the Aye-aye (Cheirmnyi)^ viewed laterally and from 
the front (After Owen.) 


able for the extraordinary elongation of the hands and feet. 
It has a long tail, and is "arboreal in its habits. 

In the Nycticehidce are the Loris and the Slow Lemurs, in 
which there is no tail, or but a rudimentary one ; the limbs are 
nearly equal in size ; the ears are short and rounded, and the 
eyes are large, and are placed close together. The species of 
this family are all of small size, and are exclusively confined to 
the eastern portion of the Old World, occurring in Java, Ceylon, 
the southern parts of Asia, and other localities in the same 
geographical area. They are nocturnal in their habits, living 
mostly on trees, and feeding upon insects ; and from the slow- 
ness with which some of them progress, they are sometimes 
spoken of as “Slow Lemurs.” The best-known species are 
the Slender Loris {Loris or Stenops gracilis) of Ceylon, and 
the Nycticehus tardigradus of the East Indies. Here also 
belong the “ Potto ” {Perodicticus) of Sierra Leone, in which 
the index-finger is rudimentary, and the Arctocebiis of Old 
Calabar, in which this digit is completely wanting, and the 
tail is rudimentary. 

The largest and most important of the families of the Strep- 
sirhina is that of the Lemuridce or Lemurs. In this family the 
muzzle is elongated, the feet are all furnished with opposable 
thumbs, and the nails on all the toes are flat, with the excep- 
tion of the second toe of the hind-foot, in which there i« a long 
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and pointed claw. The body is covered with a soft fur, and 
the tail is usually of considerable length, and is covered with 
hair. They are easily domesticated ; and though capable of 



Fig. 45i.—Side-view of the skull of a Lemuroid [Nyciicebus or Stenops ttirdigradus). 
(After Giebel.) 


biting pretty severely, their disposition is gentle and docile. 
They are mostly about the size of cats, and not unlike them in 
appearance, being often termed “ Madagascar cats by sailors. 
They are found almost exclusively in the great forests of 
Madagascar, moving about amongst the trees with great activ- 
ity, by means of their prehensile tails. They appear to fill 
in Madagascar the place occupied by the higher Qiiadnmana 
upon the adjoining continent of Africa. One of the best-known 
species is the Indri {Indris lam’ger) which occurs, with other 
species of the genus, in Madagascar. The genus Le^nur itself 
includes the so-called “ Makis,” the most familiar of which is 
the Ring-tailed Lemur (Z. catta). The dental formula is — 




pm 


3—3 . 

3—3' 


m ^ ^ = 36. 

3—3 


The “ Galagos” {Galago), sometimes raised to the rank of 
a distinct family, are the only members of the LemiindcB which 
occur out of Madagascar, and they are confined to Africa, 
being most abundant in the western part of this continent, but 
one species extending its range to Senegal and the southern 
borders of the Sahara. All have long bushy tails, large eyes, 
and large membranous ears. 


Platyrhina. 

The section of the Platyrhine Monkeys is exclusively con- 
fined to South America, and one of its leading characters is to 
be foand in the very general possession of a prehensile tail ; 
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this being an adaptive character by which they are suited to 
the arboreal life which so many of the South American Mam- 
mals are forced to lead. There are neither cheek-pouches nor 
natal callosities, and there is an additional praemolar, and 
sometimes a molar less than in Man and the Old World 
Monkeys. The nostrils are simple, separated by a wide 


septum, and opening laterally. 


The prsemolars are in 


number and have blunt tubercles. The thumbs of the fore- 
hands are either wanting altogether, or, if present, are but 
slightly opposable, though versatile. 

The Platyrhine Monkeys are divided into the two principal 
sections of the HapalidcB and Cebidcd, 

Fant, I. HapalidcR i^Arciopitheci\ — In this family the number 
of teeth is the same as in the Old World Monkeys and in 
Man, but there is an additional praemolar on each side of 
each jaw, and a molar less. The dental formula of the Mar- 
moset is — 


. 2 — 2 


^ 2 — 2 



Pfn ; 
3 — 3 


m 


2 — 2 
2 — 2 


= 32. 


The molars, however, are tuberculate, and though the num- 
ber of teeth is the same as in the Catarhine Monkeys, in 
their other characters, the Marmosets are genuine Platyrhines. 
The hind-feet have an opposable hallux with a flat nail, but all 
the other toes are unguiculate, and the pollex is not at all 
opposable. The tail is long and thickly haired, but is not 
prehensile. 

The HapalidcR are all small monkeys, mostly about as big 
as Squirrels, and they are exclusively South American, occur- 
ring especially in Brazil. The best-known species is the com- 
mon Marmoset (Hapale penicillata)^ but several species are 
domesticated and kept as pets. The genus Midas comprises 
small Monkeys which differ from the Marmosets chiefly as 
regards their dentition. 

Fatn, 2. Cebidce, — In this family are all the typical Platy- 
rhine Monkeys, in w^hich the dentition differs from that of the 
Hapalidcd^ in having an additional molar, so that the molars 
are the same as in the Catarhina and in Man, but the prae- 
molars are more numerous. The dental formula is — 


^ 3 - 3 ^ 

2—2 I— I ^ 3—3 3—3 


= 36. 


There are neither cheek-pouches nor “ callosities 3 ” amd the 
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face is usually more or less naked, though sometimes whis- 
kered. The tail is long, and is mostly prehensile ; though in 
rare instances it is non-prehensile, and has its extremity clothed 
with hairs. ^ The thumb of the fore-hand may be wanting, and, 
if present, is not opposable. All the fingers are furnished with 
flat nails. Their diet is miscellaneous, consisting partly of 
insects and partly of fruit. 

The Cebid^ are exclusively confined to the warmer parts of 
South America, in the vast forests of which they are met with 
in large troops, climbing amongst the trees. The Spider 
Monkeys {Ateles\ the Howling Monkeys {Mycetes)^ the “ Sapa- 
jous” or ‘‘Capuchins’* (Cebtis\ and the Squirrel Monkey 
{Calitthrix)^ may serve as typical examples of this section of 
the Quadrumana, In Ateles the tail is long, slender, and 
powerfully prehensile ; and the limbs are very long and slender. 
The pollex is absent, or is quite rudimentary. In Mycetes 
there is a bony drum which is formed by a convexity of the os 
hyoides and communicates with the larynx. The voice is thus 
rendered extraordinarily resonant. The pollex is not oppos- 
able, but is placed on a line with the other fingers. 

In the so-called “ Sakis ** {Pitheciidce) the tail is sometimes 
long {Fithecia\ sometimes short {Brachyurus)^ but is never 
prehensile, while the lower incisors are inclined forwards. The 
little “Night-apes** {Nyctipithecus) also have non-prehensile 
tails, but the lower incisors are vertical, and the eyes, in 
accordance with the nocturnal habits of the animal, are of 
immense size. 


Catarhina. 


The third and highest section of the Quadrumana is that of 
the Catarhina or Old World Monkeys. In this section the 
nostrils are oblique, and are placed close .together, and the 
septum narium is narrow, the nostrils looking downwards. 
The thumbs of all the feet are opposable, so that the animal is 
strictly quadrumanous. In Colobus alone the anterior thumbs 
(pollex) are wanting. The dental formula is the same as in 
man, viz. : — 




pm 



3z:3 

3--3 


= 32. 


The incisors, however, are projecting and prominent, and 
the canines — especially in the males — are large and pointed. 
Moreover, the teeth form an uneven series, interrupted by a 
diastema or interval. The tail is never prehensile, and is 
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sometimes absent. Cheek-pouches^ are often present, and the 
skin covering the tubera ischii is mostly callous and destitute 
of hair, constituting the so-called “ natal callosities.’’ With 
the single exception of a Monkey which inhabits the Rock of 
Gibraltar, all the Catarhina^ as before remarked, are natives 
of Africa and Asia. 

There are three well-marked groups or tribes of the Cata- 
rhine Monkeys. In the first of these the tail is long, and there 
are generally both cheek-pouches and natal callosities. In this 
tribe is the genus Semnopithecm^ in which cheek-pouches are 
absent, the hind-limbs are long, and the thumb is small, and 
all the species of which are natives of Asia and the Indian 
Archipelago. One of the best-known species is the Sacred 
Monkey of the Hindoos {Semnopithecus ente!lus)» Closely 
allied to the Semnopitheci is the genus Colobus of Africa, in 
which cheek-pouches are also absent, and in which, alone of 
all the Catarhine Monkeys, the pollex is either altogether 
absent or totally rudimentary. Closely allied to Semnopithecus 
also, is the Proboscis Monkey or Kahau {Fresbytis nasalis)^ 
distinguished by its elongated proboscidiform nose, short 
pollex, and long tail. It is a native of Borneo. Here also 
come the little Guenons {Cercocebus and CercopithecuSy fig. 449), 
all of which are confined to Africa. Also referable to this 
division is the genus Macacus or Inuus (comprising the Ma- 
caques), which includes most of the Monkeys which are ordi- 
narily brought to this country. It is a Macaque which occurs 
at the Rock of Gibraltar, and is the only wild Monkey which 
is found in Europe at the present day. Most of the Macaques 
are Asiatic, and a good example is the Wanderoo (AT. Silenus) 
of India. All the Macaques have cheek-pouches and callosi- 
ties, and the tail is sometimes long, sometimes rudimentary, 
and sometimes wanting. 

The second tribe of the Catarhine Monkeys is that of the 
Baboons {Cynocephahis), In these forms the tail is mostly 
short, and is often quite rudimentary. The head is large, and 
the muzzle (fig. 452) is greatly prolonged, having the nostrils 
at its extremity. The facial angle is about 30°, and the whole 
head has much the aspect of that of a large dog. The natal 
callosities are generally large and conspicuous, and usually of 
some bright colour. The Baboons are large strong animals, 
extremely unattractive in outward appearance, and of great 
ferocity. The fore and hind limbs are nearly of equal length, 
and, more than any other of the Monkeys, they employ the 

* The cheek-pouches are sacs or cavities in the cheeks, which open into 
the mouth and serve to hold any superfluous food. ^ 
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fore-limbs in terrestrial progression, running upon all-fours 
with the greatest ease. They are mainly inhabitants of Africa, 
and one of them, the Mandrill {Cynocephalus Maimon), attains 
very nearly the height of a man. The best-known species are 
the Chacnia {Cynocephalus porcarius), the Derrias or “Sacred 



Fig. 452. — Side-view of the skull of a Baboon {Cynocephalus ursinns). (After Giebel.) 


l^aboon” (C. Haniadryas)^ the common Baboon (C. papio)^ 
and the Mandrill. The Derrias is found in Arabia and Abys- 
sinia, and occurs both embalmed and sculptured upon ancient 
monuments in Egypt and Nubia. The Mandrill is rendered 
probably without exception the most disgustingly hideous of 
living beings by the possession of large blood-red natal cal- 
losities and of enormous cheek - protuberances striped with 
brilliant colours in alternate ribs. The genus Cynopitheciis 
includes a baboon-like monkey which is found in Celebes and 
the Philippine Islands. 

The third family of the Catarhine Monkeys is that of the 
Anthropomorphous or Anthropoid Apes, so called from their 
making a nearer approach in anatomical structure to Man than 
is the case with any other Mammal. The members of this 
family are Apes in which there is no tail, and cheek-pouches 
are absent, whilst in some cases there are also no natal callo- 
sities. They agree with Man in the possession of a broad flat 
sternum (w'hence their name of “ Latisternal ” Apes), in having 
an appendix vermiforrais to the caecum, and in the fact that the 
liver, except in the Gorilla, is of a very simple structure. The 
hind legs are short — shorter than the fore-limbs — and the 
animal can. progress in an erect or semi- erect position. At 
the same time, the thumbs of the hind-feet (hallux) are oppos- 
able to the other, digits, so that the hind-feet are prehensile 
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hands. The spine shows a single curve, and articulates with 
the back part of the skull. The canine teeth of the males are 
long, strong, and pointed, but this is not the case with the 
females. The structure, therefore, of the canine teeth is to be 
regarded in the light of a sexual peculiarity, and not as having 
any connection with the nature of the food. 

In this tribe are the Gibbons {Hylobates\ the Orang-utan 
{Simla satyrus), the Chimpanzee, and the Gorilla. 

The Gibbons form the genus Hylobates^ and they belong to 
southern Asia and the Indian Archipelago. The anterior limbs 
are extremely long, and the hands nearly or quite reach the 
ground when the animal stands in an erect posture. There is 
no tail, but there are natal Callosities. The body is covered 
with a thick fur. The sternum is wider than in the other 
Apes, and the chin is better developed. One of the best 
known of the Gibbons is the Siamang {Hylobates syndaJylus), 
which has been sometimes regarded as making a nearer ap- 
proach to Man than any other of the Monkeys. It is a native 
of Sumatra. It is the largest of the Gibbons, and derives its 
specific name from the fact that the index and middle toes of 
the hind-foot are united to one another by skin as far as the 
nail- joint. Another well-known species fs the common Gibbon 
iar). 

In the Orang or Mias ” (Simla satyrus) there are neither 
cheek-pouches nor natal callosities, and the hips are covered 
with hair. As in the Gibbons, the arms are excessively long, 
reaching considerably below the knee when the animal stands 
in an erect posture. The hind-legs are very short, and there 
is no tail. When full grown the Orang stands about four feet 
high. It never progresses with the help of a stick, or walks 
erect at all, except along the branches of trees, supporting itself 
by a higher branch, or when attacked. When young, the head 
of the Orang is not very different from that of an average 
European child; but, as the animal grows, the facial bones 
become gradually produced, whilst the cranium remains in a 
tolerably stationary condition; great bony ridges are developed 
for the attachment of the muscles of the jaws and face ; the 
incisors project ; and ultimately the muzzle becomes as pro- 
nounced and well-marked a feature as in the typical Carnivora 
(fig. 453, A). The Orangs are inhabitants of Sumatra and 
Borneo. They are arboreal in their habits, and form for them- 
selves a sort of nest or shelter amongst the trees. The fore- 
head is rounded, the cerebrum is greatly convoluted, and the 
canine teeth of the full-grown males are very large. * 

The genus Troglodytes contains the Chimpanzee (T^niger) 
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and the Gorilla {T. Gorilla), with some other imperfectly 
known forms. The Chimpanzee is a native of western Africa, 
extending its range eastwards to Abyssinia j and has the arms 
much shorter, proportionately, than in the Gibbons and 
Orangs ; still they are much longer than the hind-limbs, and 



453* “A, Skull of the Orang-utan. B, Skull of an adult European. 


they reach beneath the knee when the animal stands erect. 
The ears in the Chimpanzee are large, and the body is covered 
with dark-brown hair. The animal can stand erect, but the 
natural mode of progression is on all-fours. The hands are 
naked to the wrist, and the face is also naked, and is much 
wrinkled. The Chimpanzee lives in society in wooded dis- 
tricts, constructs huts, and can defend itself against even the 
largest of its foes. 

The Gorilla is in most respects the same as the Chimpan- 
zee, but is much larger, attaining a height of between five and 
six feet. The hind-limbs are short, and the ears are small. It 
is an enormously strong and ferocious animal, and is found in 
Lower Guinea and in the interior of ecpiatorial Africa. It 
possesses a laryngeal sac, has a most appalling voice, and is 
polygamous. Its habits are mainly arboreal, and the male 
builds a kind of nest in the trees, in which the female brings 
forth the young. The Gorilla has been often regarded as the 
most human of the Anthropoid Apes, but many of the highest 
authorities believe that the Gibbons have a greater claim to 
occupy this position. 

As regards the distribution of the Qiiadrumana in time,, the 
earliest representatives of the order appear to be found in the 
Eocene Tertiary. In deposits of this age in Wyoming, Pro- 
fessor* Marsh has discovered several forms apparently related 
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to both the I^emuroids and the Platyrhines. They form the 
two families of the Lemuravida, of which the principal genus 
{Lemuravus) has forty-four teeth, and Limnotherida^ in which 
there are only forty teeth. Remains of Lemuroids have also 

been found in the 



Fig. 454.— Lower jaw of Pliopithecus antiquus, 
Miocene. 


Eocene of Europe. 
The first remains of 
the higher Quadru- 
niana appear in the 
Miocene. The two 
most important of 
these are Pliopithecus 
(fig. 454) and Dryopu 
thecus^ both of which 
are European, and 
both of which belong 
to the section of the 
Catarhine Monkeys, 
which are at present 
characteristic of the 


Old World ; the former being most nearly allied to the living 
Semnopiiheci, the latter to the Gibbons. It is interesting to 
notice that the South American fossil Monkeys — from the 
later Tertiary deposits of South America — belong to the divi- 
sion of the Quadrumana now peculiar to that continent — to 
the section, namely, of the Platyrhine Monkeys. 


CHAPTER LXXX. 

BIMANA, 

Order XVII. Bimana. — This, the last remaining order of the 
Mammalia^ comprises Man (Homo) alone, and it will therefore 
require but little notice here, the peculiarities of Man^s mental 
and physical structure properly belonging to other branches of 
science. 

Zoologically, Man is distinguished from all other Mammals 
by his habitually erect posture and bipedal progression. The 
lower limbs are exclusively devoted to progression and to sup- 
porting the weight of the body. The anterior limbs are shorter 
than the posterior, and have nothing whatever to do with pro- 
gression. The thumb is oppiosable, and the hands arfe pre- 
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hensile, the fingers being provided with nails. The toes of the 
hind-limb are also furnished with nails, but the hallux is not 
opposable to the other digits, and the feet are therefore useless 
as organs of prehension. The foot is broad and plantigrade, 
and the whole sole is applied to the ground in walking. 

The dentition consists of thirty-two teeth, and these form a 
nearly even and uninterrupted series, without any interval or 
diastema. The dental formula is — 




3—3 

3—3 


= 32 - 


The brain is more largely developed and more abundantly 
furnished with large and deep convolutions than is the case 
with any other Mammal. The mammse are pectoral, and the 
placenta is discoidal and deciduate. 

Man is the only terrestrial Mammal in which the body is not 
provided, at any rate dorsally, with a covering of hair. 

The zoological or anatomical distinctions between Man and 
the other Mammals are thus seen to be of no very striking 
nature, and certainly of themselves would not entitle us to con- 
sider Man* as forming more than a distinct order. When, how- 
ever, we take into account the vast and illimitable psychical 
differences, both intellectual and moral — differences which 
must entail corresponding structural distinctions — between 
Man and the highest Quadrumanay it becomes a question 
whether the group Bimana should not have the value of a 
distinct sub-kingdom ; whilst there can be little hesitation in 
giving Man, at any rate, a class to himself. At any rate, man’s 
psychical peculiarities are as much an integral portion, or 
more, of his totality, as are his physical characters, and, as Dr 
Pritchard says, — The sentiments, feelings, sympathies, inter- 
nal consciousness, and mind, and the habitudes of mind and 
action thence resulting, are the real and essential character- 
istics of humanity.” 

As regards the distribution of the order Bimana in time^ we 
have doubtless yet much to learn. So far as is certainly known 
at present, no remains of Man, in the form of bones or imple- 
ments, have as yet been detected in deposits of greater age 
than the later half of the Post-Pliocene period, at which time 
Man was associated in Western Europe with a number of ex- 
tinct Mammalia. 
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Abdomen (Lat. ahdonien; from ahdOy I conceal. Sometimes regarded as a 
contraction of adipoinm^ from adeps^ fat.) The posterior cavity of the 
body, containing the intestines and others of the viscera. 

Aberrant (Lat. a&erro, I wander awav). Departing from the regular type. 

Abiogenesib (Gr. a, without ; life ; genesis^ origin). Spontaneous gene- 
ration, or the production of living beings without pre-existent life. 

Abnormal (Lat. oft, from ; norrm, a rule). Irregular ; deviating from the 
ordinary standard. 

Abomasum. The fourth cavity of the complex stomach of the Ruminants. 

Abranchiate (Gr. a, without; bragchidy gills). Destitute of gills or bran- 
chiae. 

Acalephje (Gr. akalepfUf a nettle). Applied formerly to the Jelly-fishes or 
Sea-nettles, and other Radiate animals, in consequence of their power of 
stinging, derived from the presence of microscopic cells, called ‘thread- 
cells,” m the integument. 

Acanthocbphala (Gr. akantha, a thorn ; kephale^ head). A class of para- 
sitic worms, in which the head is armed with spines. 

Acanthometrina (Gr. akantha ; and metra, the womb). A family of Pro- 
tozoa, characterised by having radiating siliceous spines. 

Acanthopterygii (Gr. akantha, spine; pterux, wing). A group of bony 
fishes with spinous rays in the front part of the dorsal fin. 

Aoarina (Gr. akari, a mite). A division of the Arachnida, of which the 
Cheese-mite is the type. 

Acephalous (Gr. a, without; kephale, head). Not possessing a distinct 
head. 

Aoetabula (Lat. acetabulum, a cim). The suckers with which the cephalic 
processes of many Cephalopoda (Cuttle-fishes) are provided. 

Acetabulum. The cup-shaped socket of the hip-joint in Vertebrata. 

Acontia (jGlr. akontwn, a javelin). Long filaments, charged with thread-cells, 
attached to the free edges of the mesenteries of Sea-anemones. 

Aorita (Gr. ahritos, confused). A term sometimes employed as synonymous 
with Protozoa, or the lowest division of the animal kingdom. 

Aotinombres (Gr. aktin, a ray ; meros, a part). The lobes which are mapped 
out on the surface of the body of the Cienophora, by the ctenophores, or 
comb-like rows of cilia. 

Actinosoma (Gr. aktin ; and soma, body). Employed to designate the entire 
body of any Actinozo&n, whether this be simple (as in the Sea-anemones), 
or composed of several zooids (as in most Corals). 

Actinotrocha (Gr. aktin, ray ; trochos, wheel). The form of Invertebrate 
larva seen in some of the Annelides, &c., in which there is a circlet of cilia 
round the anterior extremity. 

Actinozoa (jjlr. aktin; and mn, an animal). That division of the Coclen- 
terata o| vniich the Sea-anemones may be taken as the type. 



788 


GLOSSARY. 


Adblabthrosou ATA (Gr. addoB^ hidden ; arthros^ joint ; soum^ body). An 
order of the Aracknida, 

Aoamio (Gr. a, without ; gamos^ marriage). Applied to all forms of repro- 
duction in which the sexes are not directly concerned. 

Allantoidea. The CToup of Vertebrata in which the foetus is furnished with 
an allantois, compnsing the Reptiles, Birds, and Mammals. 

Allantois (Gr. alias, a sausage). One of the “ membranes” of the foetus in 
certain Vertebrates. 

Alveoli (Lat. dim. of ctZvus, belly). Applied to the sockets of the teeth. 

Ambulacra (Lat. ambulacrum, a place for walking). The perforated spaces 
or avenues” through which are protruded the tube-feet, by means of which 
locomotion is effected in the Echinodermata. 

Ambulatory (Lat. ambulo, I walk). Formed for walking. Applied to a 
single limb or to an entire animal. 

Ametabolio (Gr. a, without ; metahoU, change). Applied to those insects 
which do not possess wings when perfect, and whicli do not, therefore, pass 
through any marked metamorphosis. 

Amnion (Gr. amnoa, a lamb). One of the foetal membranes of the higher 
Vertebrates. 

Amniota. The ^up of Vertebrata in which the foetus is furnished with an 
anmion, comprising the Reptiles, Birds, and Mammals. 

Amceba (Gr. amoihos, changing). A species of Rhizopod, so called from the 
numerous changes of form which it undergoes. 

Amcebiform. Resembling an Amoeba in form. 

Amorphozoa (Gr. a, without ; morphh, shape ; zoSn, animal). A name some- 
times used to desimate the Sponges. 

Amphibia (Gr. am^i, both ; bios, life). The Frogs, Newts, and the like, 
which have gills when young, but can always breathe air directly when 
adult. 

Amphicoelous (Gr. amphi, at both ends ; koilos, hollow). Applied to Verte- 
brse which are concave at both ends. 

Amphidiscs (Gr. amphi, at both ends ; diskos, a quoit or round plate). The 
spicula which surround the gemmules of Spongilla, and resemble two 
toothed wheels united by an axle. 

Amphioxus (Gr. amphi, at both ends ; oxus, sharp). The Lancelet, a little 
fish, which alone constitutes the order Phai'yngooranchii. 

Amphipneusta (Gr. amphi, both ; pneo, I breathe). Applied to the “perenni- 
branchiate ” Amphibians which retain their gills through life. 

Amphipoda (Gr. amphi ; aad^pous, a foot). An order of Crustacea, 

Anal (Lat. anus, the vent). Connected with the anus, or situated near the 
anus. 

Anallantoidea. The group of Vertebrata in which the embryo is not fur- 
nished with an allantois. 

Analogous. Applied to parts which perform the same function. 

Anamniota. The group of Vertebrata in which the embryo is destitute of an 
amnion. 

Anarthropoda (Gr. a, without ; arthros, a joint ; pov^, foot). That division 
of Annvlose animals in which there are no articulated appendages. 

Anchylosis or Ankylosis (Gr. ankulos, crooked). The union of two bones 
by osseous matter, so that they become one bone, or are immovably joined 
together. 

Androgynous (Gr. anSr, a man ; guns, a woman). Synonymous with her- 
maphrodite, and implying that the two sexes are united in the same indi- 
vidual. 

Androphores (Gr. ansr, a man ; and pkero, I carry). Applied to medusiform 
gonophores of the Ilydrozoa, which carry the spermatozoa, and differ in 
form from those in which the ova are developed. 

Annelida (a Gallicised form of Annulatay l^e Ringed Worms, which form 
one of the divisions of the Anarthropoda. 

Annulated. Composed of a succession of rings. 

ANNULOIDA (Lat. a ring ; Gr. ddos^ form), sub-kingdom com- 

prising the Echimdermala and the ScoUdda {^Echinozoa). < 
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ANNULOSA (Lat. annulus). The suh-kincdom comprising the Anarthrapoda 
and the Arthropoda or ArtUuMa, in all of which the body is more or less 
evidently composed of a succession of rings. 

Anomodontia (Gr. anomot, irregular ; odous^ tooth). An extinct order of 
Reptiles, often called Dioynodmtia, 

AWOMUBA (Gr. anoTnos^ irregular ; owra, tail). A tribe of Decapod Crustacea, 
of which the Hermit-crab is the type. 

ANOPLUEA (Gr. anoplos, unarmed ; oura, tail). An order of Apterous In- 
sects. 

Anoura (Gr, a, without ; OMm, tail). The order of AmphUna comprising 
the Frogs and Toads, in which the adult is destitute of a tail. Often called 
Batrotchia, 

ANTENNiB (Lat. antennaf a yard-arm). The jointed horns or feelers possessed 
by the majority of the Artimlata. 

Antennules (dim. of antennae). Applied to the smaller pair of antennas in 
the Crustacea. 

Antibraohium (Gr. anti, in front of ; hrachion, the arm). The fore-arm of 
the higher Vertebrates, composed of the radius and ulna. 

Antlers. Properly the branches of the horns of the Deer tribe (Cervidag), but 
generally applied to the entire horns. 

Antlia (Lat. antlia, a pump). The spiral trunk or proboscis with which But- 
terflies and other Lepidopterous Insects suck up the juices of flowers. 

Aphaniptera (Gr. aphanos, inconspicuous ; pteron, a wing). An order of 
Insects comprising the Fleas. 

Aplaoentalia. The section of the Mammalia, comprising the two divisions 
of the Bidelphia and Motiodelphia, in which the young is not furnished 
with a placenta. 

Apoda (Gr. a, without; nodes, feet). Applied to those fishes which have no 
ventral fins. Also to the footless Coeciliae amongst the Amphibia. 

Apodal. Devoid of feet. 

Apodemata (Gr. apodaio, I portion oflf)« Applied to certain chitinous septa 
which divide the tissues in Crustacea. 

Aptera (Gr. a, without ; pteron, a wing). A division of Insects, which is 
characterised by the absence of wings in the adult condition. 

Apterous. Devoid of wings. 

Apteryx (Gr. a, without ; pferux, a wing), A wingless bird of New Zealand, 
belonging to the order Oursores. 

Aquiferous (Lat. aqua, water ; fero, I carry. Water-bearing : applied to all 
vessels or canals by which water is distributed through an organism. 

Arachnida (Gr. ardchni, a spider). A class of the Articulata, comprising 
Spiders, Scorpions, and allied animals. 

Arborescent. Branched like a tree. 

Archaeopteryx (Gr. archaios, ancient ; pterux, wing). The singular fossil 
bird which alone constitutes the order of the Saururae, 

Archencephala (Gr. archo, I overrule; egkephalos, brain). The name ap- 
plied by Owen to his fourth and highest group of Mammalia, comprising 
Man alone. 

Arenaceous. Sandy, or composed of grains of sand. 

Articulata (Lat. articulus, a joint). A division of the animal kingdom, com- 
prising Insects, Centipedes, Spiders, and Crustaceans, characterised by the 
possession of jointed bo^es or jointed limbs. The term Arthropoda is now 
more usually employed. 

Artiod ACTTLA (Gr. artios, even ; daktulos, a finger or toe). A division of the 
hoofed quadrupeds ( Ungulata) in which each foot has an even number of 
toes (two or four). 

Ascidioida (Gr. askos, a bottle ; eidos, a form). A synonym of Tunuata, a 
class of Molluscous animals, which have the shape, in many cases, of a two- 
necked bottle. 

Asexual. Applied to modes of reproduction in which the sexes are not 
concerned. * 1 .. 

Asiphonate. Not possessing a respiratory tube or siphon. (Applied to a 
dMoii^f the LaiMllvbranQhioAc Molluscs.) 
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Asteroid (Qr. a star ; and eidoB^ form). Star-shaped, or possessing radi- 
ing lobes or rays like a star-fish. 

Astkroidea. An order of Echinodermata, comprising the Star-fishes, char- 
acterised by their rayed form. 

Astomatous (Qr. a, without ; stoma, mouth). Not possessing a mouth. 

Atlas (Gr. the god who holds up the earth). The first vertebra of the neck, 
which articulates with and supports the skull. 

Atrium (Lat. a hall). Applied to the great chamber or cloaca,” into which 
the intestine opens in the Tunicata. 

A.URELIA (Lat. aurum, gold). Applied to the chrysalides of some Lepidoptera, 
on account of their exhibiting a golden lustre. 

Auricle (Lat. dim. of auris, ear). Applied to one of the cavities of the heart, 
by which blood is driven into the ventricle. 

Autophagi (Gr. autos, self ; phago, I eat). Applied to birds whose young 
can run about and obtain food for themselves as soon as they escape from 
the egg. 

Aves (Lat. avis, a bird). The class of the Birds. 

Avicularium (Lat. axncula, dim. of avis, a bird). A singular appendage, 
often shaped like the head of a bird, found in many of the Polyzoa. 

Axis (Gr. axon, a pivot). The second vertebra of the neck, upon which the 
skull and atlas usually rotate. 

Azygous (Gr. a, without ; zugon, yoke). Single, without a fellow. 

Bacterium (Gr. hahterion, a staff). A microscopic organism occurring in fluids 
containing organic matter, and having a staff-shaped form. 

Balanidje (Gr. balanos, an acorn). A family of sessile Cirripedes, commonly 
called Acorn shells.” 

Baleen (Lat. bdlcena, a whale). The horny plates which occupy the palate of 
the ** whalebone” Whales. 

Batides (Gr. batos, a bramble). The family of the Elasmohranchii comprising 
the Bays. 

Batrachia (Gr. batrachos, a frog). Often loosely applied to any of the Avi- 
phd)ia, but sometimes restricted to the Ampmbiaus as a class, or to the 
single order of the Anoura, 

BELEMNiTiDiB (Gr. belevinou, a dart). An extinct group of Dibranchiate Cepha- 
lopods, conmrising the Belemnites and their allies. 

Bicavitary (Lat, twice j cavus, hollow). Consisting of or possessing two 
cavities. 

Bifid. Cleft into two parts ; forked. 

Bilateral. Having two symmetrical sides. 

Bimana (Lat. bis, twice ; manus, a hand). The order of Mammalia compris- 
ing Man alone. 

Bipedal (Lat. bis, twice ; pes, foot). Walking upon two legs. 

Biramous (Lat, his, twice ; ramus, a branch). Applied to a limb which is 
divided into two branches (e.g., the limbs of Cirripedes). 

Bivalve (Lat. bis, twice; valvce, folding-doors). Composed of two plates or 
valves ; applied to the shell of the Lamellihranchiata and Brachiopoda, ami 
to the carapace of certain Crustacea. 

Blastoidea (Gr. bJMos, a bud ; and ddos, form). An extinct order of Echi- 

nodermata, often called Pentremites. 

Blastostylb (Gr. blastos, a bud ; and stulos, a column). Applied by Prof. 
Allman to certain columniform zobids in the Ilydrozoa which are destined to 
bear generative buds. 

Brachiopoda (Gr. brachion, an arm ; pous, the foot). A class of the Mol- 
luscoida, often called Lamp-shells, ’^characterised by possessing two fleshy 
arms continued from the sides of the mouth. 

Brachium (Gr. brachion, arm). Applied to the upper arm of Vertebrates. 

Brachyura (Gr. brachus, short ; oura, tail). A tribe of the Dbcapod Crusta- 
ceans with short tails {i.e., the Crabs). 

Bracts. {See Hydrophyllia). 

BRADYPODiDiB (Gr. brodits, slow ; podes, feet). The family of Edentata, com- 
prising the Sloths. t 
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Bbanohu (Gr. tragekia, the giU of a fish). A respiratory organ adapted to 
breathe air dissolved in water. ^ 

Bbakohiate. Possessing gills or branchiae. 

Beanchifera (Gr. hragchm, gill ; and phero, I carryV A division of Qastero- 
podous MollmcSt in which the respiration is aquatic, and the respiratory 
organs are mostly in the form of distinct gills. 

Bbanohio-gasteropoda ( = Branchifera). 

Bbanohiopoda (Gr. hragchia : and pous, foot). A legion of Crustacea, in 
which the gills are supported bjr the feet. 

BranchiOSTEGal (Gr. Sragchia, gills ; stego, I cover). Applied to a membrane 
and rays by which the ^ills are protected in many fishes. 

Bbevilinguia (Lat. brevis, short ; lingua, tongue). A division of the Lacer- 
tilia. 

Brevipennat.b (Lat. brevis, short ; penna, a wing). A group of the Natato- 
rial Birds. 

•Bronchi (Gr. brogchos, the windpipe). The branches of the windpipe 
{trachea), by which the air is conveyed to the vesicles of the lung. 

BRONTOTHERiDiE (Gr. Brotites, the name of a giant ; therion, beast). An 
extinct order of Tertiary Mammals. 

Buuta (Lat. brutus, heavy, stupid). Often used to designate the Mammalian 
order of the Mdentata. 

Bryozoa (Gr. bnion, moss ; zobn, animal). A synonym of Polyzoa, a class of 
the Molluscoida. 

Buccal (Lat. bucca, mouth or cheeks). Connected with the mouth. 

Bursiform (Lat. bursa, a purse ; forma, shape). Shaped like a purse ; sub- 
spherical. 

Byssiferotjs. Producing a byssus. 

Bys.sus (Gr. busses, flax). A terra applied to the silky filaments by which the 
Pinna, the common Mussel, and certain other bivalve Mollusca, attach 
themselves to foreign objects. 

Caducibbanohiate (Lat. caducus, falling off ; Gr. hragchia, gill). Applied to 
those Amphibians in which the gills fall off before maturity is reached. 

Caducous. Applied to parts which fall off or are shed during the life of the 
animal. 

( ^-ECAL (Lat. coecus, blind). Terminating blindly, or in a closed extremity. 

Cecum (Lat. ccecus). A tube which terminates blindly. 

Cespitose (Lat. ccespes, a turf). Tufted. 

Cainozoic. (See Kainozoic.) 

Calcar (Lat. a spur). Applied to the “spurs” of Rasorial Birds; and also 
to the rudiments of the hind-limbs in certain snakes. 

Calcareous (Lat. calx, lime). Composed of carbonate of lime. 

Calice. The little cup in which the polype of a coralligenous Zoophyte 
(Actinozobn) is contained. 

Calycophoride (Gr. kalux, a cup; and phero, I carry). An order of the 
Oceanic Hydrozoa, so called from their possessing bell-shaped swimming 
QTg9.m (nectocalyces). . ^ 

Calyptoblastic (Gr. kaluptos, covered ; and hlastos, a bud). Applied by 
Prof. Allman to those MydroTsoa in wliich the nutritive or generative buds 
are provided with an external protective receptacle. 

Calyx (Lat. calyx, a cup). Applied to the cup-shaped body of Vorticella 
(Protozoa), or of a Crinoid (Echinodermata). 

CampaNULarida (Lat. campamda, a bell). An order of Hydroid Zoophytes. 

Canine (Lat. canis, a dog). The eye-tooth of Mammals, or the tooth which 
is placed at or close to the prsemaxillary suture in the upper jaw, and the 
corresponding tooth in the lower jaw. 

CxVPiTULUM (Lat. dim. of caput, head). Applied to the body of a Barnacle 
(Lepadidoe), from its being supported upon a stalk or peduncle. 

Carapace. A protective shield. Applied to the upper shell of Crabs, Lob- 
sters, and many other Crustacea; also to the case with which certain of the 
Infusoria are provided. Also the upper half of the immovable case in which 
the Ijpdy of a Chelonian is protected. 
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Cabikatj! (Lat. carina, a keel). Applied by Huxley to all those birds in 
which the sternum is furnished with a median ridge or keel. 

Caknivoba (Lat. caro, flesh ; vorot 1 devour). An order of the Mammalia. 

Carniyobous (Lat. caro^ flesh ; voro, I devour). Feeding upon flesh. 

Cabnose (Lat. caro). Fleshy. 

Cabpophaqa (Gr. karpos, fruit ; phago, I eat). A section of the Marsu- 
pialia. 

Carpus (Gr. harpos, the wrist). The small bones which intervene between the 
fore-arm and the metacarpus. 

Catarhiba (Gr. kata, downwards ; rhines^ nostrils). A group of the Qaadru- 
mana. 

Caudal (Lat. caudat the tail). Belonging to the tail. 

Cavicornia (Lat. cams, hollow; comu, a horn). The '‘hollow-homed’* 
BnminantSj in which the horn consists of a central bony “ horn-core ** sur- 
rounded by a horny sheath. 

CJentrum (Gr. kentron, the point round which a circle is described by a pair of • 
compasses). The central portion or “ body ** of a vertebra. 

Cephalio (Gr. kephaU, head). Belonging to the head. 

Ckphalo-branohiate (Gr. kephaU ; and bragehia, gill). Carrying gflls upon 
the head. Applied to a section of the Annelida, which, like the Serpulas, 
have tufts of external gills placed upon the head. 

Cephalophora (Gr. kepiale; and phero, I carry). Used synonymously with 
Encephala, to designate those Mollusca which possess a distinct head. 

Cephalopoda (Gr. kephale; andipodes, feet). A class of the Mollusca, com- 
prising the CJuttle-tishes and their allies, in which there is a series of arms 
ranged round the head. 

Cephalothorax (Gr. kephale; and thorax, chest). The anterior division of 
the body in many Crustacea and Arachnida, which is composed of the 
coalesced head and chest. 

Ceroariiform (Lat. cercaria, a tailed animalcule ; and forum, shape). Cer- 
caria (Gr. kerkos, tail) is the name of a tadpole-shaped animalcule ; and the 
epithet “ cercariiform ” is applied to all organisms of a similar shape {e.g., 
the larval Tunicates). 

Cere, The naked space found at the base of the bill of some birds. 

ClERViCAL (Lat. cermx, neck). Connected with the region of the nock. 

Cestoidea (Gr, kestos, a girdle). An old name for the Tcmiada, a class of 
intestinal worms with flat bodies like tape (hence the name Tapeworms). 

Cestraphori (Gr. kestra, a weapon ; phero, I carry). The group of Elasmo- 
hranchii represented at the present day by the Port Jackson Shark. 

Cetacea (Gr. ketos, a whale). The order of Mammals comprising the Whales 
and Dolphins. 

Ch-ETOONAtha (Gr. chaite, bristle ; gnathos, jaw). An order of the Anartkro- 
poda, comprising only the oceanic genus Sagitta. 

Chetophora (Gr. chaite ; phero, I carry). Applied as a common name to the 
Tubiculous and Errant Annelides, both of wnich have bristle-bearing foot- 
tubercles, together with the Earth-wonns and their allies (Oligochceta), which 
have locomotive bristles. 

Cheiroptera (Gr. cheir, hand ; pteron, a wing). The order of Mammals com- 
prising the Bats. 

Chkle (Gr. chele, a claw). The prehensile claws with which some of the limbs 
are terminated in certain Crustacea, such as the Crab, Lobster, &c. 

Chelate. Possessing chelae ; applied to a limb. 

Chelioebe (Gr. chele, a claw ; and keros, a horn). The prehensile claws of 
the Scorpion, supposed to be homologous with antennae. 

Chelonia (Gr. cheLone, a tortoise). The order of Reptiles comprising the Tor- 
toises and Turtles. 

Chelonobatraohia (Gr. chelone, a tortoise; hatrachos, a frog). Sometimes 
applied to the Amphibian order of the Anoura (Progs and Toads). 

CHU.OONATHA (Gr. cheilos, a lip ; and gnathos, a jaw). An order of the My- 
riapoda, 

Chilopoda (Gr. cheilos; and podes, feet). An order of the Myriapoda. 
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Chitinb (Gr. a coat). The peculiar chemical principle, nearly allied to 

horn, which forms the exoskeleton in many Inyertebrate animals, especially 
in the Arth/ropoda {pnutacea^ Insecta^ &c.). 

Cjslobophyll (Gr* chloroSf green , and phullotif a leaf). The green colouring 
matter of plants.* 

Chromatophores (Gr. chromic complexion, or colour ; and phtro^ I carry). 
Little sacs which contain pigment-granules, and are found in the integument 
of Cuttle-fishes and other animals. 

Chrysalis (Gr. cfmisos, gold). The motionless pupa of butterflies and moths, 
so called because sometimes exhibiting a golden lustre. 

Chylaqueous fluid, a fluid consisting partly of water derived from the ex- 
terior, and partly of the products of digestion (chyle), occupying the body- 
cavity or perivisceral space in many Invertebrates {Annelida, Echinodemia, 
&c.), and sometimes having a special canal-system for its conduction (chly- 
aqueous canals). 

Chyle (Gr. chulos, juice). The milky fluid which is the result of the action of 
the various digestive fluids upon the food. 

Chyufio (Gr. chulos, juice [chyle] ; and Lat./aao, I make). Producing chyle. 
Applied to one of the stomachs, when more than one is present. The word 
is of mongrel origin ; and “ cliylopoietic'* is more correct. 

Chyme (Gr. juice). The acid pasty fluid produced by the action of the 

gastric juice ^on the food. 

Chyme-mass. The central, semi-fluid sarcode in the interior of an Infusorian. 

Cilia (Lat. cilium, an eyelash). Microscopic, hair-like filaments, which have 
the power of lashing backwards and forwards, thus creating currents in the 
surrounding or contiguous fluid, or subserving locomotion in the animal 
which possesses them. 

CiLiOGRADA (Lat. cilium ; and gradior, I walk). Synonymous with Ctenophora, 
an order of Actinozoa. 

CiNCLiDES (Gr. kigklis, a lattice). Special apertures in the column walls of 
some Sea-anemones (Actinidai), which probably serve for the emission of the 
cord-like ** craspeda.” 

Cirri (Lat, cirrus, a curl). Tendril-like appendages, such as the feet of Bar- 
nacles, and Acorn-shells {Cirripedes), the lateral processes on the arms of 
Brachiopoda, &c. 

CiRRiFEROUS or CiRBlOEROUS. Carrying cirri. 

CiRRiPEDiA, CiRRHiPEDiA, or CiRRHoPODA (Lat. cimis, a curl; and pes, a 
foot). A sub-class of Crustacea with curled jointed feet. 

CiRROSTOMi (Lat. ciVr?i5, a tendril ; Gr. stoma, mouth). Sometimes used to 
designate the Fharyngohratichiu 

Cladocera (Gr. klados, a branch ; keros, a horn). An order of Crustacea 
with brancned antennae. 

Clavatb (Lat. clavus, a club). Club-shaped. 

Clavicle (Lat. clavicula, a little key). The “collar-bone,” forming one of 
the elements of the pectoral arch of Vertebrates. 

Cloaca (Lat. a sinlc). The cavity into which the intestinal canal and the 
ducts of the generative and urinary organs open in common, in some In- 
vertebrates {e.g,, in Insects), and also in many Vertebrate animals. 

Clypeiform (Lat. clypeus, a shield ; and/orTwa, shaped). Shield-shaped ; ap- 
plied, for example, to the carapace of the King-crab. 

Onid^ (Gr. hnide, a nettle). The urticating ceUs or “ thread-cells” whereby 
many Codenterate animals obtain their power of stin^ng. 

CoccoLiTHS (Gr. kokkos, a berry ; lithos, stone). Minute oval or rounded 
bodies, -which are found .either free or attached to the surface of cocco- 
spheres, and which are probably of vegetable origin. 

CocoosPHERES (Gr, kokkos: and sphaira, a sphere). Spherical masses of sar- 
code, enclosed in a delicate calcareous envelope, and hearing coccoliths upon 
their external surface. 

CoooTOEAL. Connected with the coccyx. 

Coccyx (Gr. kokhuac. a cuckoo). The terminal portion of the spmal column 
in man, so called from its resemblance to a cuckoo’s beak. 
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CoaooN (French, cocon, the cocoon of the silk - worm ; connected with Fr. 
coqw, shell, which is derived from the Lat. concha). The outer covering of 
silky hairs with which the pupa or chrysalis of many insects is protected. 
The chitinous capsules in which Leeches and Earth-worms deposit their 
eggs. The silken cases which Spiders weave for their eggs. 

CODONOSTOUA (Gr. kodon, a bell; stoma, mouth). The aperture or mouth of 
the diso (nectocalyx) of a Medusa, or of the bell (gonocalyx) of a medusi- 
form gonophore. 

Cgslentbrata (Gr. hoilos, hollow ; enteron, the bowel). The sub-kingdom 
which comprises the Hydrozoa and Actinozoa, Proposed by Frey and 
Leuckart in place of the old term Radiaia, which included other animals 
as well. 

C(ENENcnTMA (Gr. homos, common ; enchuma, tissue ; literally, an infusion). 
The common calcareous tissue which unites together the various corallites 
of a compound corallum. 

CoBNCECiUM (Gr. homos, common; oihos, house). The entire dermal system 
of any PoiwioOnj employed in place of the terms polyzoary or polypidom. 

CcBNOSABO (Gr. hoinos, common; sarx, flesh). The common organised me- 
dium by which the separate polypites of a compound HydrozoOn are con- 
nected together. 

COLEOPTERA (Gr. kolcos, a sheath; pteron, wing). The order of Insects 
(Beetles) in which the anterior pair of wings are hardened, and serve as 
protective cases for the posterior pair of menabranous wings. 

COLLKMBOLA (Gr. holla, glue ; emholos, a sharp beak or pointed projection). 
An order of Apterous insects furnished with an adhesive ventral process. 

COLUBRINA (Lat. coluber, a snake). A division of the Ophidia. 

CoLUMBAOEl (Lat. columha, a dove). The division of Rasorial Birds compris- 
ing the Doves and Pigeons. 

Columella (Lat. dim. of columna, a column). In Conchology, the central 
axis round which the whorls of a spiral univalve are wound. Amongst the 
Aciinozoa, it is the central axis or pillar which is found in the centre of the 
visceral chamber of many corals. 

Column. Applied to the cylindrical body of a Sca-anemone (Actinia) ; also 
to the jointed stem or peduncle of the stalked Crinoids. 

Commensal (Lat. cum, with ; mensa, table). Living at the same table with, 
a messmate : Applied to animals which live on or in other animals for part 
or the whole of their life, simply sharing the food of their host, without 
being parasitic on him. 

Commissural (Lat. committo, I solder together). Connecting together : 
usually applied to the nerve-fibres which unite different ganglia. 

Concha (Lat. a shell). The external ear by which sounds are collected and 
transmitted to the internal ear. 

CONCHiFERA (Lat. concha, a shell ; fero, I carry). Shell-fish. Applied in a 
restricted sense to the bivalve Molluscs, and used as a synonym for LamtUi- 
branchiata. 

Condyle (Gr. hondulos, a knuckle). The surface by which one bone articu- 
lates with another. Applied especially to the articular surface or surfaces 
by which the skull articulates with the vertebral column. 

CONiROSTiiES (Lat. conus, a cone j rostrum, a beak). The division of Perching 
Birds with conical beaks. 

COPBPODA (Gr. hope, an oar ; podes, feet). An order of Crustacea, 

Coracoid (Gr. horax, a crow ; eidos, form). A separate bone which enters 
into the composition of the pectoral arch in Birds, Reptiles, and Mono- 
treraes. In most Mammals it is a mere process of tlie scapula, having, in 
man, some resemblance in shape to the beak of a crow. 

CORALLlOENOns. Producing a corallum. 

Corallite. The corallum secreted by an Actinozobn which consists of a 
single polype ; or the portion of a composite corallum which belongs to, and 
is secreted by, an individual polype. 

Corallum (from the Latin for red coral). The hard structures deposited in, 
or by, the tissues of an Actinozobn — commonly called a ‘ ‘ coral. , 

Coriaceous (Lat. corium, hide). Ijeathery. 
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Corpus oallobum (Lat. the ** Arm body ”). The great band of nervous mat- 
ter which unites the two hemispheres of the cerebrum in the Mammals. 

COBPUSCULATBD (Lat. corptisculunif a little body or particle). Applied to 
fluids which, like the blood, contain floating solid particles or ** corpuscles.” 

Cortical layer.* The layer of consistent sarcode, which in the iTifusoria 
encloses the chyme mass, and is surrounded by the cuticle. Sometimes 
called the “ parenchyma of the body.** 

CosT^ (Lat. costo, a rib). Applied amongst the Crinoidea to designate the 
rows of plates which succeed the inferior or basal portion of the cup (pel- 
vis). Amongst the Corals the “cost®** are vertical ridges which occur on 
the outer surface of the theca, and mark the position of tne septa within. 

Costal (Lat. co«to, a rib). Connected with the ribs. 

Cranium (Gr. kranion^ the skull). The bony or cartilaginous case in which 
the brain is contained. 

Crabfeda (Gr. kratpedon, a margin or fringe). The long, convoluted cords, 
containing thread -cells, which are attached to the free margins of the 
mesenteries of a Sea-anemone. 

Crepuscular (Lat. crepusculum^ dusk). Applied to animals which are activt- 
in the dusk or twilight. 

Crinoidea (Gr. krinosj a lily ; eidos, form). An order of Echinodermata com- 
prising forms which are usually stalked, and sometimes resemble lilies in 
shape. 

Crocodilta (Gr. krokodeiloSy a crocodile). An order of Reptiles. 

Crop. A partial dilatation of the gullet, technically called “ingluvies.” 

Crustacea (Lat. crusta, a crust). A class of articulate animals, comprising 
Crabs, Lobsters, &c., characterised by the possession of a hard shell or 
crust, which they cast periodically. 

Ctenocyst (Gr. kieiSf a comb ; kustiSf a bag or cyst). The sense-organ (prob- 
ably auditory) which occurs in the Ctenophora. 

Ctenoid (Gr. Heis, a comb ; eidoSj form). Applied to those scales of fishes, 
the hinder margins of which are fringed with spines or com))-liko pro- 
jections. 

Ctenophora (Gr. kteis, a comb ; andpherOf I cany). An order of Actinozoa^ 
comprising oceanic creatures, with swim by means of ctenophores,’* or 
bands of cilia arranged in comb-like plates. 

CuRSOBES (Lat. curroy I run). An order of Aves, comprising birds destitute 
of tbe power of flight, but formed for running vigorously (e.y., the Ostrich 
and Emeu). 

Cuspidate, Furnished with small pointed eminences or “ cusps.** 

Cuticle. (Lat. cuiicula, dim. of entisy skin). The pellicle which forms the 
outer layer of the body amongst the Infusoria. Tne outer layer of the in- 
tegument generally. 

Cutis (Lat. skin). The inferior vascular layer of the integument, often called 
the cutis veray the cvriumy or the dennis. 

Cycloid (Gr. kuklosy a circle ; eidosy form). Applied to those scales of fishes 
which have a regularly circular or elliptical outline with an even margin. 

Cyclostomi (Gr. kuklos ; and stoniay mouth). Sometimes used to designate 
the Hag-fishes and Lampreys, forming the order MarsipobranchH. 

Cyst (Gr, kustisy a bladder or bag). A sac or vesicle. ^ 

Cystica. The embryonic forms (scolices) of certain intestinal vroims (Tape- 
worms), which were described as a distinct order, until their true nature was 
discovered. 

Cystoidea (Gr. kusiis, a bladder ; and eidos, form). An extinct order of 
Echinodermata* 

Deoapoda (Gr. dehay ten ; podesy feet). The division of Crysiacea which have 
ten ambulatory feet ; also the family of Cuttle-fishes, in which there are 
ten arms or cephalic processes. . , i. ,, a 

Deciduous (Lat. deciaoy I fall off). Applied to parts which fall oil or are 
shed during the life of the animal. 

Decollated (Lat. decolloj I behead). Applied to univalve shells, the apex of 
wl^ch falls off in the course of growth. 
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DEmooBRATA or Djnooerata (Gr. deinoa^ terrible ; Jeeraa^ horn). An extinct 
order of Tertiary Mammals. 

Deinosaubia or Dinosaubia (Gr. deinoSf terrible ; aaurat lizard). An extinct 
order of Beptilos. 

Dendriform, Dendritio, Dendroid (Gr. dendront a tree). Branched like a 
tree, arborescent. 

Dentirostres (Lat. dens, a tooth ; rostrum, a beak). The group of Perching 
Birds in which the \^per mandible of the beak has its lower margin toothed. 

Derma or Dermis. (See Cutis.) 

Dermal (Gr. derma, skin). Belonging to the integument. 

Dermosolerites (Gr. derma, skin ; shleros, hard^. Masses of spicules which 
occur in the tissues of some of the Alcyonaria (Actinozoa), 

Desmidi.^. Minute fresh-water plants, of a green colour, without a siliceous 
epidermis. 

Deuterozooids (Gr. deuteros, second ; zo&n, animal ; eidos, form). The zo5ids 
which are produced by gemmation from zooids, 

Dextbal (Lat. dexira, the right hand). Bight-handed ; applied to the direc- 
tion of the i^iral in the greater number of univalve shells. 

Diaphragm (Gr. diaphragma, a partition). The “ midriff,” or the muscle 
which in Mammalia forms a partition between the cavities of the thorax 
and abdomen. 

Diastema (Gr. dia, apart ; histemi, I place). A gap or interval, especially 
between teeth. 

DiASTOLifi (Gr. dimtello, I separate or expand). The expansion of a contractile 
cavity such as the heart, which follows its contraction or “ systole.” 

DiATOMACEiB (Gr. diatemuo, I sever). An order of minute plants, which are 
provided with siliceous envelopes. 

Dibranchiata (Gr. dis, twice ; bronchia, gill). The order of Cephalopoda 
(comprising the Cuttle-fishes, &c.) in which only two gills are present. 

Dioynodontia (Gr. dU, twice ; kmn, dog ; odous, tootn). An extinct order 
of Beptiles. 

Didelphia (Gr. dia, twice ; delphus, womb). The subdivision of Mammals 
comprising the Marsupials. 

Digit (Lat. digitus, a finger). A finger or toe. 

Digitigrada (Lat. digitus; gradior, I walk). A subdivision of the Carnivora. 

Digitigrade, Walking upon the tips of the toes, and not upon the soles of 
the feet. 

Dimerosomata (Gr. dis; meros, part; soma, body). An order ot Arachnida, 
comprising the true Spiders, so called from the marked division of the body 
into two regions, the cephalothorax and abdomen. The name Araneida is 
often employed for the order. 

Dim VARY (Gr. dis, twice ; muon, muscle). Applied to those bivalve Molluscs 
{LamMlibranchiata) in which the shell is closed bv two adductor muscles. 

Diceoious (Gr. dis, twice ; oikos, house). Having the sexes distinct ; applied 
to species which consist of male and female individuals. 

Diphy dont (Gr. dis, twice ; phuo, I generate ; odous, tooth). Applied to 
those Mammals which have two sets of teeth. 

IDiphyozooids. Detached reproductive portions of adult Calycophoridoe, an 
order of oceanic Hydrozoa. 

Dipnoi (Gr. dis, twice ; pnoi, breath). The order of fishes represented by the 
Lepidosiren. 

Diptera (Gr. dis, twice ; pteron, wing). An order of insects characterised by 
the possession of two wings. 

Discoid (Gr. diakos, a quoit ; eidos, form). Shaped like a round plate or quoit. 

Discophora (Gr. diskoa, a quoit ; phero, I carry). This term is applied to 
the Medusa, or Jelly-fishes, from their form ; and is sometimes used to 
designate the order of the Leeches (Ilirvdinea) from the suctorial discs 
which these animals possess. 

Dissepiments (Lat. dissepio, I partition off). Partitions. Used in a restricted 
sense to designate certain imperfect transverse partitions, which grow from 
the septa of many corals. 

Distal. Applied to the quickly growing end of the hydrosoma of a Hgdro^ 
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the opposite, or « proximal,” extremity growing less rapidly, and 
being the end by which the organism is fixed, when attached at all. 

Diurnal (Lat. day). Applied to animals which are active during the day. 

Divertiouluh (Lat. dwerticmum, a by-road). A lateral tube with a blind 
extremity springing from the side of another tube. 

Dorsal (Lat. dornimt back). Connected with the back. 

Dorsibranohiate (Lat. dorsum, the back ; Gr. bronchia, gill). Having ex- 
ternal gills attached to the back ; applied to certain AnneUdes and Molluscs. 
The term is of mongrel composition, and notobranchiate ” is more correctly 
employed. 

Ecderon (Gr. ek, out ; deros, skin). The outer plane of growth of the externa 
integumentary layer (viz., the ectoderm, or epidermis). 

Ecdtsis (Gr. emusiSt a stripping oflf). A shedding or moulting of the skin. 

Echinococci (Gr. echinos, a hedgehog; kokkos, a berry). The larval forms 
(scoli^^ t*d ” ^og{T<miaechiiiococcus), commonly Imown 

Echinoderhata (Gr. echinos ; and derma, skin). A class of animals compris- 
ing the Sea-urchins, Star-fishes, and others, most of which have spiny skins. 

Echinoidea (Gr. echinos; and eidos, form). An order of Echinodemuita, com- 
prising the Sea-urchins. 

EcHiNOPiEDinM (Gr. echinos, a hedgehog ; paidion, a child). A term applied 
to the embryo or larva of the Echinodermata. 

Echinulatb. Possessing spines. 

ECTOOTST (Gr. ektos, .outside ; kustis, a bladder). The external investment of 
the coenoecium of a PolyzSun, 

Ectoderm (Gr. ektos; derma, skin). The external integumentary layer 
of the CoeUnterata* 

Ectosaro (Gr. ektos; sarx, flesh). The outer transparent sarcode - layer of 
certain Rhizopods, such as the Amoeba. 

Edentata (Lat. e, without ; dens, tooth). An order of Mammalia, often called 
Bruta. 

Edentulous. Toothless; without any dental apparatus. Applied to the 
mouth of any animal, or to the hinge of the bivalve Molluscs, 

Edriophthalmata (Gr. hedraios, sitting ; ophthalmos, eye). The division of 
Crustacea in which the eyes are sessile, and are not supported upon st^ks. 

Elasmobranohii (Gr. elama, a plate ; bragchia, gill). An order of Fishes, 
including the Sharks and Rays. 

Elytra {Gt. elutron, a sheath). The chitinous anterior pair of wings in 
Beetles, which form cases for the posterior membranous wings. Also ap- 
plied to the scales or plates on the back of the Sea-mouse {Aphrodite). 

Embryo (Gr. m, in ; hruo, I swell). The earliest stage at which the young 
animal is recognisable in the impregnated ovum. 

Enaliosauria (Gr. enodios, marine ; mura, li:^rd). Sometimes employed as 
a common term to designate the extinct Reptilian orders of the Ichihyosauria 
and Plesiosauria, ^ ^ , 

Encephalon (Gr. ^kephalos, brain). ^ The portion of the cerebro-spinal ner- 
vous axis contained within the cranium. ^ j 

Encephalous (Gr. en, in; kephale, the head). Possessing a distinct head. 
Usually applied to all the Mollusca proper, except the Laimllihranchiata. 

Encystation (Gr, en, in ; kustis, a bag). The transformation undergone by 
certain of the Protozoa, when they become motionless, and surround them- 
selves by a thick coating or cyst. . » r 

Enderon (Gr. en, in ; deros, skin). The inner plane of growth of the outer 
integumentary layer (viz., the ectoderm or epidermis). ^ 

Endooyst (Gr. mdcm, within ; kustis, a hag). The inner membrane or mte^- 
mentary layer of a Polyzo^n, In Cristatella, where there is no ectocyst, 
the endocyst constitutes the entire integument. 

Endodbrm (Gr. endtm ; and derma, skin). The inner integumentary layer of 

ENDOTODOT*(^'e»<Jo»; and ooM*. foot). The inner of the two secondary 
joints into whicn the typical limb of a Crustacean is divided. 
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E:7D0SabC (Gr. endm; and sarx, flesli). The inner molecular layer of sarcodc 
in the Amxhay and other allied Rhixopods. 

Endoskeleton (Gr. endonj and skeletos^ dry). The internal hard structures, 
such as hones, which serve for the attachment of muscles, or the protection 
of organs, and which are not a mere hardening of the integument. 

Ensiforbi (Lat. ensis^ a sword ; forrmy shape). Sword-shaped. 

Entomophaqa (Gr. entomoby insects; phagoy I eat). A section of the Mar- 
supialia. 

Entomobtbaca (Gr. entomay insects; ostrakony a shell). Literally, shelled 
insects — applied to a division of Crustacea. 

Entozoa (Gr. entosy within ; zobUy animal). Animals which are parasitic in 
the interior of other animals. 

Eocene (Gr. eosy dawn ; kainos, new or recent). The lowest division of the 
Tertiary rocks, in which species of existing shells are to a small extent re- 
presented. 

Ephippitjm (Gr. ephi^pion; Lat. ephippiumy saddle). A receptacle on the 
hack of the DaphniUy in which the winter eggs are deposited. 

Epidermis (Gr. epiy upon ; dermay the true SKin). The outer non-vascular 
layer of the skin, often called the scarf-skin or cuticle. 

Epimera (Gr. epiy upon ; m^oTiy thigh). The lateral pieces of the dorsal arc 
of the somite of a Crustacean. 

Epipodia (Gr. epiy upon ; pouSy the foot). Muscular lobes developed from the 
lateral and upper surfaces of the “ foot ** of some Molluscs. 

Epipodite (Gr. epiy upon ; pouSy foot). A process developed upon the basal 
joint, or protopodite,” of some of the limbs of certain Crustacea. 

Episterna (Gr. epiy upon ; stemony the breast-bone). The lateral pieces of 
the inferior or ventral arc of the somite of a Crustacean. 

Epistome (Gr. epi ; and stormy mouth). A valve-like organ which arches over 
the mouth in certain of the Polyzoa. 

Epitheca (Gr. epi ; and thekSy a sheath). A continuous layer surrounding the 
thecse in some Corals externally. 

Epizoa (Gr. epiy upon; zodUy animal). Animals which are parasitic upon 
other animals. In a restricted sense, a division of Crustacea which are 
parasitic upon fishes. 

Equilateral (Lat. oequusy eu^ual ; latusy side). Having its sides equal. Usu- 
ally applied to the shells of the Brachiopoda. When applied to the spiral 
shells of the Foraminiferay it means that all the convolutions of the shell 
lie in the same plane. 

Equivalve (Lat. aquusy equal ; valvce, folding-doors). Applied to shells 
which are composed of two equal pieces or valves. 

Errantia (Lat. erroy I wander). An order of Anneliday often called Nereideciy 
distinguished by their great locomotive powers. 

Eurypterida (Gr. eurusy broad; ptermiy wing). An extinct sub-order of 
CrusUtJcea. 

Exopodite (Gr. eav), outside ; pouSy foot) The outer of the two secondary 
joints into which the typical limb of a Crustacean is divided. 

ExoskbLeton (Gr. exo, outside ; skeletosy dry). The external skeleton, which 
is constituted by a hardening of the integument, and is often called a 
“dermoskeletonl” 

Fasciculated (Lat. fascicvlusy a bundle). Airanged in bundles. 

Fauna (Lat. Fauni, the rural deities of the Romans). The general assem- 
blage of the animals of any region or district. 

Femur. The thigh-bone, intervening between the pelvis and the bones of the 
leg proper {tibia rndjilida). 

Fibula (Lat. a brooch). The outermost of the two bones of the leg in the 
higher Vertehrata ; corresponding to the vlna of the fore-arm. 

Filiform (Lat. filumy a thread ; formuy shape). Thread-shaded. 

Fissilinguia (Lat. jindOy I cleave ; lingua, tongue). A division of Lacertiliay 
with bifid tongues. 

Fission (Lat. jindOy I cleave). Multiplication by meand of a process of self- 
division. i 
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-Fissiparous (Lat. findo ; and jwtno, I produce). Giving origin to fresh struc- 
tures by a process of fission. 

Fissirostres (Lat. findo^ I cleave; rostrum, beak). A sub-order of the 
Perching Birds. 

Flagellum (Lat. for whip). The lash-like appendage possessed by many In- 
fusoria, which are therefore said to be flagellate."' 

Flora (Lat. Ilora, the goddess of flowers). The general assemblage of the 
plants of any re^on or district. 

Foot- JAWS. The limbs of Crustacea, which are modified to subserve masti- 
cation. 

Foot-secbetion. The term applied by Mr Dana to the sclerobasic corallum 

. of certain Actinozoa, 

Foot-tubercles. The unarticulated appendages of the Annelida, often called 
parapodia. 

Foraminipera (Lat. foramen^ an aperture ; fero, I carry). An order of Pro- 
tozoa, usually characterised by the possession of a shell perforated by 
numerous pseudopodial apertures. 

Fruoivorous {laX,.frux, fruit’; voro, I devour). Living upon fruit. 

Furoulum or Furcula (Lat. dim. oi furca, a fork). The “merry-thought” 
of birds, or the V-shaped bone formed by the united clavicles. 

Fusiform (Lat. fusus, a spindle ; and forma, shape). Spindle-shaped, or 
pointed at both ends. 

Gallinacei (Lat. gallina, a fowl). Sometimes applied to the whole order of 
the Rasorial Birds, but properly restricted to that section of the order of 
which the common Fowl is a typical example. 

Ganglion (Gr. gagglion, a knot). A mass of nervous matter containing nerve- 
cells, and giving origin to nerve-fibres. 

Ganoid (Gr. gams, splendour, brightness). Applied to those scales or plates 
which are composed of an inferior layer of true bone covered by a superior 
layer of polished enamel. 

Ganoidei. An order of Fishes. 

Gasteropoda (Gr. gaster, stomacfl ; pous, foot). The class of the Mollusca 
comprising the ordinary univalves, in which locomotion is usually effected 
by a muscular expansion of the under surface of the body (the “foot”). 

Gastrula (Gr. dim. of gaster, stomach). A name applied by Hseckel to that 
developmental stage in various animals, in which the embryo consists of two 
fundamental membranes, an outer and an inner, enclosing a central cavity. 

Gemmjs (Lat. gemma, a bud). The buds produced by any animal, whether 
detached or not. 

Gemmation. The process of producing new structures by budding. 

Gemmiparous (Lat. gemma, a bud ; pario, I produce). Giving origin to new 
structures by a process of budding. 

Gemmules (Lat. dim. oi gemma). The ciliated embryos of many Coelenterata; 
also the seed-like reproductive bodies or “ spores ” of Spongilhu 

Gepuyrea (Gr. gephura, a bridge). A class of the Anarihropoda, comprising 
the Spoon-worms (Sipunculus) and their allies. 

Gizzard, A muscular division of the stomach in Birds, Insects, &c. 

Gladius (Lat. a sword). Applied to the homy eiidoskeleton or “pen” of 
certain Cuttle-fishes. 

Glenoid (Gr. glene, a cavity ; eidos, form), A shallow cavity ; applied espe- 
cially to the shallow articular cavity in the shoulder-blade to which the head 
of the humerus is jointed. 

Gnathites (Gr. gnathos, a jaw). The masticatory organs of Crustacea. 

Gonangium (Gr. qonos, offspring; and aggeion, a vessel). The chitmous 
receptacle in which the reproductive buds of certain of the Ilydrozoa are 
produced. 

Gonoblastidia (Gr. gonos, offspring ; hlastidion, dim. of hlasios, a bud). The 
processes which carry the reproductive receptacles, or “gonophores, in 
many of the Hydrozoa. . . 

GONOOALYX (Gr. gonos; and kalux, cup). The swimming-bell in a medusiform 
goijpphore, or the same structure ip a gonophere which is not detached. 
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Gonophorb (Qp. gonos; and I carry). The generative buds, or recep- 
tacles of the reproductive elements^ in the Hydrozoa^ whether these become 
detached or not. 

Gonosome (Or. gonos; and soTruiy body), u^pplied as a collective term to the 
reproductive zobids of a Hydrozodn, 

Gonotheoa (Gr. gonos; and theke, a case). The chitinous receptacle within 
which the gonophores of certain of the Hydrozoa are produced. 

Gballatores (Lat. graXlos^ stilts). The order of the long-legged Wading 
Birds. 

Gbanivorous (Lat. granuntt a grain or seed ; voro, I devour). Living upon 
grains or other seeds. 

GRAPTOLiTiD.ffl (Gr. grapho, I write ; Uthos, stone). An extinct sub-class of 
the Hydrozoa, 

Grboarinida (Lat. gregarius, occurring in numbers together). A class of the 
Protozoa, 

Guard. The cylindrical fibrous sheath with which the internal chambered 
shell (phragmacone) of a Belemnite is protected. 

Gymnoblastio (Gr. gumnos, naked ; and blastos, a bud). Applied by Prof. 
Allman to those Hydrozoa in which the nutritive and reproductive buds are 
not protected by homy receptacles. 

Gthnolj&mata (Gr. gumnos, naked; laimoSt the tliroat). An order of the 
Polyzoa in which the mouth is devoid of the valvular structure known as 
the “epistome.** 

Gymnophiona (Gr. gumnos, naked ; ophis, a snake). The order of the Am- 
phibia comprising the snake-like CacUicB, 

Gymnophthalmata (Gr. gumnoa; and ophthalmoSt the eye). Applied by 
Edward Forbes to those Msdusot in which the eye-specks at the margin of 
the disc are u^rotected. The division is now abandoned. 

Gymnosomata ((Jr. gumnoa; and aonMii the body). The order of Pteropoda 
in which the body is not protected by a shell. 

Gynophores {QiV,gune^ woman ; phero, I carry). The generative buds, or 
gonophores, of Hydrozoa^ which contain ova alone, and differ in form from 
those which contain spermatozoa. ^ 

Gyrencephala (Gr, guroo, I wind about ; egkephalos, brain). Applied by 
Owen to a section of the Mammalia in which the cerebral hemispneres are 
abundantly convoluted. 

H^mal (Gr. haima, Jjlood). Connected with the blood-vessels, or with the 
circulatory system. 

HiBMATOCRYA (Gr. kaima, blood; cruos, cold). Applied by Owen to the 
“cold-blooded” Vertebrates — ^viz., the Fishes, Amphibia, and Reptiles. 

HiEMATOTHSRMA (Gr. haima, blood; therTnoa, warm). Applied by Owen to 
the “warm-blooded” Vertebrates — ^viz., Birds and Mammals. 

Hallux (Lat. alUx, the thumb or great toe). The innermost of the five 
digits which normally compose the hind foot of a Vertebrate animal. In 
man, the mat toe. 

Haltebes (Gr. halterest weights used by athletes to steady themselves in leap- 
ing). The rudimentary filaments or “balancers” which represent the 
posterior pair of wings m the Diptera, an order of Insects. 

Haustellate (Lat. 'haurio, I drink). Adapted for sucking or pumping up 
fluids ; applied to the mouth of certain Crustacea and Inaecta. 

Heotoootylus (Gr. hekaton, a hundred ; kotidoa, a cup). The metamorphosed 
reproductive arm of certain of the male Cuttle-fishes. In the Argonaut the 
arm becomes detached, and was originally described as a parasitic worm. 

Heliozoa (Gr. helios, sun ; zobn, animal). An order of Protozoa, with radi- 
ating pseudopodia. 

Helminthoid (Gr. helmins, an intestinal worm). Worm-shaped, vermiform. 

Hemblytra (Gr. Itomi, half ; elutron, a sheath). The wings of certain Insects, 
in which the apex of the wing is membranous, whilst the inner portion is 
chitinous, and resembles the elytron of a beetle. 

Hemimetabolio (Gr. hemi, half; metaJbole, change). Applied to those Insects 
which undergo an incomplete metamorphosis. , 
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Hehipteba (Gr. hemi; &ti<i pteron, wing). An order of Insects in which the 
anterior wings are sometimes “hemelytra.” 

IIERMAPHIIODITE (Gr. U&vrMs, Mercury ; Aphrodite, Venus). Possessing the 
characters of both sexes combined. 

Heteroceba (Gr. jieteroa, diverse ; keras, horn). Applied to the Moths 
amongst the Lepidoptera, on account of the great variety of shape in their 
antennae. 

Heterocercal ((3r. heteros, diverse ; kerkos, tail). Applied to the tail of 
Fishes when it is unsyin metrical, or composed of two unequal lobes. 

H ETEROGANGLIATE (Gr. Acieros, diverse; gagglion, a knot). Possessing a 
nervous system in which the ganglia are scattered and unsymmetrical (as 
in the Mdluscct, for example). 

Heterogenesis or Heterogen v (Gr. heteros, diverse; genesis, origin, birth). 
The production of living beings without pre-existent living beings. Or, the 
supposed production of a living being of one kind from a part or the whole 
of the matter of another living being of a perfectly different kind. 

Heteromorphic (Gr. heteros ; morphe, form). Differing in form and shape. 

Heterophagi (Gr. heteros, other ; phago, I eat). Applied to Birds the young 
of which are born in a helpless condition, and require to be fed by the 
parents for a longer or shorter period. 

Heteropoda (Gr. heteros, diverse ; podes, feet). An aberrant group of the 
Gasteropoda, in which the foot is modified so as to form a swimming 
organ. 

Hexapod (Gr. hexa, six ; pous, foot). Possessing six legs ; ai)plied to the 
Jnsecta. 

Hxlum (Lat. hilum, a little thing). A small aperture (as in the gemmules of 
sponges), or a small depression (as in Noctilaca). 

Hirudinea (Lat. hirudo, a horse-leech). The order of Annelida comprising 
the Leeches. 

Histology (Gr. hidos, a web ; logos, a discourse). The study of the tissues, 
more especially of the minuter elements of the body. 

Holocephali (Gr. holos, whole ; kephale, head). A sub-order of the Elamo- 
hranchii comprising the Chimcerce. 

Holometabolic (Gr. holos, whole ; inelahole, change). Applied to Insects 
which undergo a complete metamorjihosis, 

IIOLOSTOMATA (Gr. holos, whole ; stoma, mouth). A division of G aster opodoiis 
Molluscs, in which the aperture of the shell is rounded, or “entire.” 

Holothuroidea (Gr, holothourion ; and eidos, form). An order of Echinoder- 
mata, comprising the Trepangs. 

Homocercal (Gr. homos, same ; kerkos, tail). Applied to the tail of Fishes 
when it is symmetrical, or composed of two equal lobes. ^ . 

Homogangliate (Gr. homos, like ; gagglion, a knot). Raving a nervous sys- 
tem in which the ganglia are symmetrically arranged (as in the Annulosa, 
for example). 

Homologous (Gr. homos; and logos, a discourse). Applied to parts which 
are constructed upon the same fundamental plan. 

Homomobphous (Gr. homos; and morphe, form). Having a similar external 
appearance or form. 

Humerus. The bone of the upper arm (brachium) in the Vertebrates. 

Hyaline (Gr. hualos, crystal). Crystalline or glassy. 

Hydatids (Gr. hudaiis, a vesicle). The vesicle containing the larval forms 
( Echinococci) of the tape- worm of the dog. 

Hydraform. Resembling the common fresh-water polype {Hgdra) in form.^^ 

Hydranth (Gr. hudra, water-serpent; and anthos, nower). The “polypite” 
or proper nutritive zodid of the Hydrozoa. 

Hydrocaulus (Gr. hudra, a water-serpent ; and kaulos, a stem). The main 
stem of the coenosaro of a HydrozoGn. 

Hydrocysts (Gr. hudra ; and kustis, a cyst). Curious processes attached to 
the coenosarc of the Physophoridw, and termed “ feelers ” {FMcrzxA Taster 
of the Germans. 

Hydrceoium (Gr. hudra ; and oikos, a house). The chamber into which the 
ooeno^rc in many of the Calycophoridve can be retracted. 

3 K 
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Hydkoida (Gr. hudra; and eidost form). The sub-class of the Uydrozoa, 
which comprises the animals most nearly allied to the Hydra. 

Htdropuyllia (Gr. htidra ; and phullon, a leaf). Overlapping appendages 
or plates which protect the polypites in some of the oceanic Hydrozita 
(CaXycophoridas and Physophoruke). They are often termed '' bracts,” and 
are the “ Deckstikcke** of the Germans. 

Htdrorhiza (Gr. hudra ; and rhim^ root). The adherent base or proximal 
extremity of any Hydrozoiin. 

Hydrosoma (Gr. hudra; andsoTna, body). The entire organism of any 
HydrozoSn. 

Hydrotheca (Gr. hudra; and thehey a case). The little chitinous cup in 
which the polypites of the Sertvlarida and Campanularida are protected. 

Hydrozoa (Gr. hudra; and zod’n, animal). The class of the C(denteratay 
which comprises animals constructed after the type of the Hydra. 

Hymenoptera (Gr. humen, a membrane; pteroriy a wing). An order of In- 
sects (comprising Beetles, Ants, &c.) characterised by the possession of four 
membranous wings. 

Hyoid (Gr. U; eidosy form). The bone which supports the tongue in Verte- 
brates, and derives its name from its resemblance in man to the Greek 
letter U. 

Hypostome (Gr. hupOy under ; stormy mouth). The upper lip, or ‘Mabrum,” 
of certain Crustacea {e.g.y Trilobites). 

Hyracoidea (Gr. huraxy a shrew ; eidosy form). An order of the Mammalia 
constituted for the reception of the single genus Hyrax. 

Ichthyodorulite (Gr. ichihuSy fish ; doruSy spear ; liihoSy stone). The fossil 
fin-spines of Fishes. 

ICHTHYOMORPHA (Gr. ichthus ; morphey shape). An order of Amphibians, 
often called Urodelay comprising the fish-like Newts, &c. 

ICHTHYOPHTHIRA (Gr. ichthus ; phtheiry a louse). An order of Crustacea com- 
prising animals which are parasitic upon Fishes. 

ICHTHYOPSIDA (Gr. ichthus; opsisy appearance). The primary division of 
Vertehratay comprising the Fishes and Amphibia. Often spoken of as the 
Branchiate Vertehrata. 

ICHTHYOPTERYGIA (Gr. ichthus ; pterux, wing). An extinct order of Reptiles. 

ICHTHYOSAURIA (Gr. ichthus ; saura, lizard). Synonymous with Ic/Uhyo- 
pterygia. 

Ilium. The haunch-bone, one of the bones of the pelvic arch in the higher 
Vertebrates. 

Imago (Lat. an image or apparition). The perfect insect, after it has under- 
gone its metamorphoses. 

Imbricated. Applied to scales or plates which overlap one another like tiles. 

Incisor (Lat. incido, 1 cut). The cutting teeth fixed in the intermaxillary 
bones of the Mamimdiay and the corresponding teeth in the lower jaw. 

Inequilateral. Having the two sides unequal, as in the case of the shells 
of the ordinary bivalves {Lamellibranchiata). When applied to the shells 
of the Foraminiferuy it implies that the convolutions of the shell do not lie 
in the same plane, but are obliquely wound round an axis. 

Inequivalve. Composed of two uneaual pieces or valves. 

Infundibulum (Lat. for funnel). The tube formed by the coalescence or 
apposition of the epipodia in the Cephalopoda — commonly tenned the 
“ funnel” or “ siphon.” 

Infusoria (Lat. infusuMy an infusion). A class of Protoznay so called be- 
cause they are often developed in organic infusions. 

Inguinal (Lat. ingueuy groin). Connected with, or situated upon, the groin. 

iNOrURCULATA (Lat. iUj without; operculunij a lid). The division of pul- 
monate Gasteropoda in which there is no shelly or horny plate (operculum) 
by which the shell is closed when the animal is withdrawn within it. 

Insecta (Lat. inseco, I cut into). The class of Articulate animals commonly 
known as Insects. 

iNSJiOTrvoRA (Lat. insectumy an insect ; vorOy I devour). An order of Mammals 

Insectivorous. Living upon Insects. 
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INSESSORES (Lat. insedeo, I sit upon). The order of the Perching Birds, often 
called Pdsseres, 

Interambtjlacra. The rows of plates in an Mchinodcvva which are not per- 
forated for the emission of tho tube-feet.” ^ 

iNTERMAEiLii^ or PR^MAXiLLiB. The two bones which are situated between 
the two superior maxillae in Vertehmta. In man, and some monheys, the 
praemaxillae anchylose with the maxillae, so as to be in-ecognisable‘in the 
adult. 

Intussusception (Lat. intus, within ; suscipio, I take up). The act of taking 
foreign matter into a living being, 

Invertebrata (Lat. irif without; vertebra, a bone of the back). Animals 
without a spinal column or backbone. 

Ischium (Gr. ischion, the hip). One of the bones of the pelvic arch in Verte- 
brates. 

IsoPODA (Gr. isos, equal ; podes, feet). An order of Crustacea in which the 
feet are all like one another and equal. 

•Jugular (Lat. jiujulum, the throat). Connected with, or placed upon, tho 
throat. Applied to the ventral tins of fishes when they are placed beneath 
or in advance of the pectorals. 

Kainozoic (Gr. kainos^ recent ; zoe^ life). The Tertiary period in Geology, 
comprising those formations in which the organic remains approximate more 
or less closely to the existing fauna and flora. 

Keratode (Gr. k^ras^ horn ; eidos, form). Tho homy substance of which the 
skeleton of many Sponges is made up. 

Keratosa. The division of Sponges in which the skeleton is composed of 
keratode. 

Labium (Lat. for lip). Restricted to the lower lip of Articulate animals. 

Labuum (Lat. for lip). Restricted to the upper lip of Articulate animals. 

Labyrinthodontxa (Gr. laharinthos^ a labyrinth ; odous, tooth). An extinct 
order of Amphibia, so called from the complex microscopic structure of 
the teeth. 

Lacertilia (Lat. laccrta, a lizard). An order of Reptilia comprising the 
Lizards an<l Slow- worms. 

LAiMODiPODA (Gr. laimos, throat ; dis, twice ; podes, feet). An order of Crus- 
tacea, so called because they have two feet placed far forwards, as it were 
under the throat. 

‘Lamktjjuuanciiiata (Lat. htmdla, a plate ; Gr. hragchia, gill). The class of 
Mollusca, comx)ri.sing the ordinary bivalves, characterised by the possession 
of lamellar gills. 

r^AMELLlROSTRES (Lat. lamella, a plate ; rostrum, beak). The flat - billed 
SNviraming Birds {Natatores), such as Ducks, Geese, Swans, &c. 

I.ARVA (Lat. a mask). The insect in its first stage after its emergence from 
the egg, when it is usually very different from the adult. 

Larynx. The upper part of the* windpipe, forming a cavity with appropriate 
muscles and cartilages, situated beneath the hyoid bone, and concerned in 
Mammals in the production of vocal sounds. 

Lenticular (Lat. lens, a bean). Shaped like a biconvex lens. 

Lepidoptera (Gr. Upis, a scale ; pternn, a wing). An order of Insects, com- 
prising Butterflies and Moths, characterised by pos.sessiiig four wings which 
are usually covered with minute scales. 

Lepidota (Gr. lepis, a scale). Foraierly applied to the order Dipnoi, con- 
taining the Mud-fishes [Lepidosiren), 

Leptocaruia (Gr leptos, slender, small ; cardia, heart). The name gi\ en by 
Muller to the order of Fishes comprising the Laiicelet, now culled Pharyn- 
ffohranchii. 

Ligamentum NUCH.E (Lat. nucha, the nape of the neck). The hand of elastic 
fibres by which the weight of the head in Mammalia is supported. 

Lingual (Lat. ling^ia, the tongue). Connected with the tongue. 

LissEii3EPHALA (Gr. lissos, smooth ; egkephalos, brain). A primary dhdsioii 
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of Mainnialia, according to Owen, in which the cerebral hemispheres are 
smooth or have few convolutions. 

Lithocysts (Gr. lithost a stone ; hustis, a cyst), llie sense-organs or ** mar- 
ginal bodies '* of the Lucemarida or Steganophtkabnate Medusae. 

LoNOiPENNATiB (Lat. lougus^ long ; pennUf wing). A group of the Natatorial 
Birds. 

Lonoirostres (Lat. longue; rostrum^ beak). A group of the Wading Birds. 

Lophophore (Gr. lophos^ a crest ; and I carry). The disc or stage upon 

which the tentacles of the Polyzoa are borne. 

Lophyropoda (Gr. lophouroe^ having stiff hairs ; and podes, feet). A section 
of Crustacea. 

Lorica (Lat. a breast-plate). Applied to the protective case with which cer- 
tain Infusoria are provided. 

Loricata (Lat. lorica, a cuirass). The division of Reptiles comprising tlie 
Chelorda and Crocodilia, in which bony plates are (leveloped in the skin 
{derma). 

TiUCERNARiDA (Lat. luccma, a lamp). An order of the Ilydrozoa. 

Lumbar (Lat. lumhus, loin.) Connected with the loins. 

LUiVATE (Lat. luna, moon). Crescentic in shape. 

Lyencephala (Gr. luo, I loose ; egkephalos, brain). A primary division of 
Mammals according to Owen. 

Macrodactyli (Gr. makros, long ; daktulos, a finger). A group of the Wading 
Birds. 

Macrura (Gr. rmhroe, long; our a, tail). A tribe of Decapod Crustaceans 
with long tails {e.g., the Lobster, Shrimp, &c.). 

Madreporiform. Perforated with small holes, like a coral ; applied to the 
tubercle by which the ambulacral system of the Mchinoderme mostly com- 
municates with the exterior. 

Malacostuaca (Gr. malakos, soft ; ostrakon, shell). A division of Crtistacea. 
Originally applied by Aristotle to the entire class Crustacea, because their 
shells were softer than those of the Mollusca. 

Mallophaoa (Gr. mallos, a fleece ; phago, I eat). An order of Insects which 
are mostly parasitic upon birds. 

Mammalia (Lat. mamma, the breast). The class of Vertebrate animals which 
suckle their young. 

Ma^jdible (Lat. mandibulum, a jaw). The upper pair of jaws in Insects ; 
also applied to one of the pairs of jaws in Crustacea and Spiders, to the beak 
of Ceplialopods, the lower jaw of Vertebrates, &c. 

Mantle. Tne external integument of most of the Mollusca, which is largely 
developed, and forms a cloak in which the viscera are protected. Techni- 
cally called the “pallium.” 

Manubrium (Lat. a handle). The polypite which is suspended from the roof 
of the swimming-bell of a Medusa, or from the gonocalyx of a medusiform 
gonophore amongst the Hydrozoa. 

Manus (Lat, the hand). The hand or fore-foot of the higher Vertebrates. 

Marsipobranchii (Gr. marsipos, a pouch ; Iragchia, gill). The order of 
Fishes comprising the Ha^-fishes and Lampreys with pouch-like gills. 

Marsupialia (Lat. marsupium, a pouch). An order of Mammals in which 
the females mostly have an abdominal pouch in which the young are 
carried. 

Mastax (Gr. mouth). The muscular pharynx or “ buccal funnel” into which 
the mouth opens in most of the Rotifera. 

Masticatout (Lat. mastico^ I chew). Applied to parts adapted for chewing, 

Maxillas (Lat. jaws). The inferior pair or pairs of jaws in the Arthropoda 
(Insects, Oustacea, &c.). The upper jaw-bones of Vertebrates. 

Maxillipedes ( Lat. maxillae, jaws ; pes, the foot). The limbs in Crustacea 
and Myriapoda which are converted into masticatory organs, and are com- 
monly called “ foot-jaws.” 

Medulla (Lat. marrow). Applied to the marrow of bones ; or to the spinal 
cord, with or without the adjective “ spinalis."* 

Medus.®. An order of Hydrozoa, commonly known as Jclly-fishcf {DiscO' 
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phora, or Acaleplux), so callcil because of the resemblance of their tentacles 
to the snaky hair ot the Medusa. Many J/ccfascc are now known to be 
merely the gonophores of llydrozoa. 

Medusifokm. Resembling a Medusa in shape. 

Medusoid. Like ^’Medum; used substantively to designate the medusiform 
gonophores of the llydrozoa. 

?vIembrana nictitans (Lat. nicto, I wink). The third eyelid of Bir«ls, &c. 

Mextum (Lat. the chin). The ba.sal portion of the labium or lower lip in 
Insects. 

Meuostomata (Gr. nitron, thigh ; stonva^ mouth). An order of Crustacea in 
which the appendages which are placed round the mouth, and whict olli- 
ciate as jaws, have their free extremities developed into walking or pre- 
hensile organs. 

DIesenteries (Gr. rMsos, intermediate ; enteron, intestine). In a restricted 
sense, the vertical plates which divide the somatic cavity of a Sea- anemone 
{Actinia) into chambers. 

Mesopodium (Gr. mesos^ middle ; jpous, foot). The middle portion of the 
^‘foot of Molluscs.” 

Mesosternum (Gr. mesos, intermediate; sternony the breast - bone). The 
middle portion of the sternum, intervening between the attachment of the 
second pair of ribs and the xiphoid cartilage {xiphisicnium). 

Mesothorax (Gr. ine^os ; and thorax^ the chest). The middle ring of the 
thorax in Insects. 

Mesozoic (Gr. uiesos ; and zn^y life). The Secondary period in Geology. 

Metacarpus (Gr. 'nutay after ; karposy the wrist). The bones which form the 
‘‘root of the hand,” and intervene between the wrist and the fingers. 

Metamorphosis (Gr. wstay implying change ; inorphey shape). The changes 
of form which certain animals undergo in passing from their younger to 
their fully-grown condition. 

Metapodidm (Gr. metuy after ; pous, the foot). The posterior lobe of the foot 
\i\ Mollusca ; often called the “ operculigerous lobe,” because it develops the 
operculum when this structure is present. 

Metastoma (Gr. metay after; storm, mouth). The plate which closes the 
mouth posteriorly in the Crustacea. 

^Ietatarsus (Gr. metay after; tarsos, the instep). The bones which intervene 
between the bones of the ankle {tarsus) and the digits in the hiiid-foot of the 
higher Vertebrates. 

jMetathorax (Gr. meta, after ; thorax, the chest). The posterior ring of the 
thorax in Insects. 

Metazoa (Gr. metay implying change ; zoon, animal). Applied to animals in 
which the primitive indifterent tissue of the eml>ryo beconjes converted into 
cells, which in turn may or may not be developed into more complex tissues. 
Under this head are included all animals except the Protozoa. 

Mimetic (Gr. mimstikosy imitative). Applied to organs or animals which 
resemble each other in external appearance, but not in essential stimctnie. 

Molars (Lat. wio/a, a mill). The “grinders” in man, or the teeth in diphyo- 
dont Mammals which are not preceded by milk-teeth. 

Mollusca (Lat. mollisy soft). The sub-kingdom which includes the shell- 
fish proper, the Polyzoa, the Tnnicatay and the Lamp-shells ; so called from 
the generally soft nature of their bodies. 

Molluscoida {Mollusca; Gr. eidosy form). The lower division of the Mollusca, 
comprising the Polyzoay Tunicata, and Brachiopoda. 

Monads (Gr. monaSy unity). Microscopical organisms of an extremely simple 
character, developed in organic infusions. 

Moxera (Gt. mourns, single). An order of Protozoa, comprising animals 
composed of simple undifferentiated sarcode. 

Monoculous. Possessed of only one eye. 

Moxodelphia (Gr. monos, single ; delphus, womb). The division of Mammalia. 
in which the uterus is single. ^ 

Monoecious (Or. monos, single; oikos, house). Applied to individuals :ii 
which the sexes are united. 

MONOi^grARY (Gr. monos, single ; miton, muscle). Applied to those bivalves 
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(Lamellihrafichiata) in which the shell is closed by a single adductor 
muscle. 

Monophyodont (Gr. monos ; phno, I generate ; odous^ tooth). Applied to those 
Mammals in which only a single set of teeth is ever developed. 

Monothalamous (Gr. tnonos ; and ihalamoSy chamber), rossessing only a 
single chamber. Applied to the shells of Foraminifera and Mollusca. 

Monotremata (Gr. moms; treinuiy aperture). The order of Mammals com- 
prising the Duck-mole and Echidna^ in which the intestinal canal opens 
into a “cloaca” common to the ducts of the urinary and generative organs. 

MULTirx)CULAR (Lat. muUus^ many; locultts, a little purse). Divided into 
many chambers. 

Multivalve. Applied to shells which are composed of many pieces. 

Multungula (Lab. muUus, many; ungtila, hoof). The division of Perisso- 
dactyle Ungulates, in which each foot has more than a single hoof. 

Myelon (Gr. muelos, marrow). The spinal cord of Vertebrates. 

Myriapod A or Myriopoda (Gr. murios, ten thousand ; podes, feet). A class 
of Arthropoda comprising the Centipedes and their allies, characterised by 
their numerous feet. 

Nacreous (Fr. nacre, mother-of-pearl, originally Oriental). Pearly ; of the 
texture of mother-of-pearl. 

Natatores (Lat. nare, to swim). The order of the Swimming Birds. 

Natatory (Lat. nare, to swim). Formed for swimming. 

Nautiloid. Resembling the shell of the Nautilus in shape. 

Nectocalyx (Gr. necho, I swim ; kalvx, cup). The swimming-bell or “disc” 
of a Medusa or Jelly-fish, 

Ne.matelmia (Gr. nema, thread ; helmins, a worm). The division of Scolecida 
comprising the Round-worms, Thread-worms, &c. 

Nematocysts (Gr. nema, thread; kustis, a bag). The thread-cells of the 
Coilenterata. {See Ciiidao.) 

Nematoidea (Gr. nema, thread ; eidos, form). An order of Scolecida com- 
prising the Thread-worms, Vinegar-eels, &c. 

Nematophores (Gr. nema, thread ; phero, I carry). Coecal processes found on 
the cocnosarc of certain of the Sertularida, containing numerous thread-cells 
at their extremities. 

Nemertida (Gr. Nemerfes, proper name). A division of the Turhellarian 
Worms, commonly called “ Ribbon-worms.” 

Nervures (Lat. nervus, a sinew). The ribs which support the membranous 
wings of insects. 

Neural (Gr. neuron, a nei-ve). Connected with the nervous system. 

Neurapophysis (Gr. ne\iron, a nerve; apophusis, a projecting part). The 
“ spinous process ” of a vertebra, or the process formed at the point of junc- 
tion of the neural arches. 

Neuropodtum (Gr. neuron, a nerve ; ports, the foot). The ventral or inferior 
division of the “ foot-tubercle ” of an Annelide; often called the “ventral 
oar.” 

Neuroitkra (Gr. neuron; Rndpteron, awing). An order of insects charac- 
terised by four membranous wings with numerous reticulated nervures (e.y., 
Dragon-flies). 

Neuter (Lat. neither the one nor the other). Having no fully developed sex. 

Nidification (Lat. nidus, a nest ; facio, I make). The building of a nest. 

Nocturnal (Lat. 7iox, night), Ai>i»lied to animals which are active by night. 

Normal (Lat. norma, a rule). Conforming to the ordinary standard. 

Notobranchiata (Gr. notos, the back ; and bragehia, gill). Carrying the gills 
upon the back ; applied to a <livi.:i:on of the Annelida. 

Notochord (Gr. 7iotos, the back ; chorde, string). A cellular rod which is 
developed in the emhryo of Vertebrates immediately bcncatli the spinal 
cord, and which is usually iepl;u:ed in the adult by the vertebral column. 
Often it is spoken of as tho “c!iorda doraalis.” 

Notopodium (Gr. notos, the ha.k; and ports, the foot). The dorsal division 
of one of the foot-tubercles or xiarapodia of an Annelide; often called the 
“ dorsal oar.” 
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Nuolbated. Possessing a nucleus or central particle. 

Nucleolus. 1. m minute solid particle in the interior of the nucleus of 
some cells. 2. The minute spherical particle attached to the exterior of the 
nucleus or ovary of certain Infusoria, performing the functions of a 
testicle. 

Nucleus (Lat. nucleus, a kernel). 1. The solid or vesicular hody found in 
many cells. 2. The solid rod, or band-shaped body found in the interior of 
many of the Protozoa, and having, in certain of them, the functions of an 
ovary. 3. The “ madreporiform tiibercle” of the Mchinodermata. 4. The 
embryonic shell which is retained to form the apex of the adult shell in 
many of the Mollusca. 

Nudibranchiata {Lat. nudus, naked ; and Gr. hragchia, gill). An order of 
the Gasteropoda in which the gills are naked. 

Nymphs. The active pupas of certain Insects. 

Occipital. Connected with the occiput or the back part of the head. 

Oceanic. Applied to animals which inhabit the open ocean (=pelagi^. 

Ocelli (Lat. diminutive of ocvlus, eye). The simple eyes of many Echino- 
derms, Spiders, Crustaceans, Molluscs, &c. 

Octopoda (Gr. octo, eight ; pous, foot). The tribe of Cuttle-fishes with eight 
arms attached to the head. 

OuoNTOCETT (Gr. odous, tooth; ketos, whale). The “toothed” Whales, in 
contradistinction to the “whalebone” Whales. 

Odontoid (Gr. odous ; eidos, form.) The “odontoid process” is the centrum 
or body of the first cervical vertebra (atlas). It is detached from the atlas, 
and is usually anchylosed with the second cervical vertebra (axis), and it 
forms the pivot upon which the head rotates. 

Odontophore (Gr. odous, tooth; phero, I carry). The so-called “tongue” 
or masticatory apparatus of Gasteropoda, Pteropoda, and Cephalopoda. 

Odontopteryx (Gr. odous, tooth ; pterux, wing). An extinct genus of Birds. 

Odontornithes (Gr. odoits, tooth; omis, bird). The extinct sub-class of 
Birds comprising forms with distinct teeth in sockets. 

(Esophagus. The fillet or tube leading from the mouth to the stomach. 

Oligochaita (Gr. oligos, few; chaite, hair). An order of Annelida, compris- 
ing the Earth-worms, in which there are few bristles. 

Omasum (Lat. bullock's-tripe). The third stomach of Ruminants, commonly 
called the psalterium, or many-plies. 

Omnivorous (Lat. omnia, everything; voro, I devour). Feeding indiscrimi- 
nately upon all sorts of food. 

Onychophora (Gr. onux, claw or nail ; phero, I carry). The order of which 
Peripatus, with its hooked feet, is the type. 

Oocysts (Gr. oon, egg ; kicstis, bladder). Chambers appended to the cells of 
certain of the Polyzoa, w'hich serve as a receptacle for the eggs. Sometimes 
called “ovicells.” 

Operculata (Lat. operculum, a lid). A division of pulmonate Gasteropoda, 
in \vhich the shell is closed by an operculum. 

Operculum. A horny or shelly plate developed, in certain Mollusca, upon 
the hinder part of the foot, and .serving to close the aperture of the shell 
when the animal is retracted within it ; also the lid of the shell of a Bala- 
nus or Acom-shell ; also the chain of flat bones which covers the gills ii. 
many fishes. , . . , « , 

Ol’HlDlA (Gr. ophis, a serpent). The order of Reptiles comprising the Snakes. 

Ophidobatrachia (Gr. ophis j hatrachos, a frog). Sometimes applied to the 
order of Snake-like Amphibians comprising the Concilicc. 

Ophiomorpha (Gr. ophis; morphe, shape). The order of Amphibia compris- 
ing the Coecilm. , « 7 . • 

Ophiuroidea (Gr. ophis, snake ; aura, tail; eidos, form). An order of Eehino- 
demiata comprising the Brittle-stars and Sand-stars. 

Opisthobranchiata (Gr. opisthen, behind; hragehia, gill). A division of 
Gasteropoda, in which the gills are placed on tlie posterior part of the body. 

Optsthoccelous (Gr. opisthen, behind ; koilos. liollow). Applied to vertebrae 
the bodies of wliieh are hollow or concave behind. 
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Oral (Lat. os, mouth). Connected with the mouth. 

Ornithodelfhia (Gr. ornis^ a bird ; delphiiSf womb). The primary division 
of Mammals comprising the Monotremata, 

Ornithosgrlida (Gr. bird ; skelos^ leg). Applied by Huxley to the 

Deinosaurian Reptiles, together with the genus Compsognathus, on account 
of the bird-like characters of their hind-limbs. 

Orthooeratid.® (Gr. orthos, straight ; keros, horn). A family of the Nau- 
tilidoe, in which the shell is straight, or nearly so. 

Orthoftera (Gr. ortfios, straight ; pteron, wing). An order of Insects. 

OscuLA (Lat. diminutive of os, mouth). 1. The large apertures by which a 
sponge is perforated (“exhalant apertures”). 2. The suckers with which 
the Taeniaaa (Tape- worms and Cystic Worms) are provided. 

OssicuLA (Lat. diminutive of os, bone). Literally small bones. Often use<l 
to designate any hard structures of small size, such as the calcareous plates 
in the integument of the Star-fishes. 

OSTRACODA (Gr. osirakon, a shell). An order of small Crustaceans which are 
enclosed in bivalve shells. 

Otoliths (Gr. oils, ear j and lithos, stone). The calcareous bodies connected 
with the sense of hearing, even in its most rudimentary form. 

Ovarian Vesicles or Capsules. The generative buds of the Scrtvlorida. 

Ovary (Ovarium). The organ by which ova are produced. 

Oviparous (Lat. ovum, an egg ; and^rm, I bring forth). Applied to animals 
which bring forth eggs, in contradistinction to those which bring forth their 
young alive. 

Ovipositor (Lat. (mim; and porno, I place). The organ possessed by some in- 
sects, by means of which the eggs are placed in a position suitable for their 
development. 

Ovisac. The external bag or sac in which certain of the Invertebrates carry 
their eggs after they are extruded from the body. 

OvoviviPAROUS (Lat. (yvum, egg ; vivus, alive ; porio, I produce). Applied to 
animals which retain their eggs within the body until they are hatched. 

Ovum (Lat. an egg). The germ produced within the ovary, and capable under 
certain conditions of being developed into a new individual. 

Pachydermata (Gr. pachus, thick ; derma, skin). An old Mammalian order 
constituted by Cuvier for the reception of the Rhinoceros, Hippopotamus, 
Elephant, &c. 

Paleontology (Gr. palaios, ancient ; onto, beings ; and logos, discourse). The 
science of fossil remains or of extinct organised beings. 

Paleozoic (Gr. palaios, ancient ; and zoe, life). Applied to the oldest of the 
great geological epochs. 

Palliobranchiata (Lat. pallium, a cloak ; and Gr. bragchia, gill). An old 
name for the Brachiopoda, founded upon the belief that the system of tubes 
in the mantle constituted the gills. 

Pallium (Lat. a cloak). The mantle of the Mollusca. Pallial; relating to 
the mantle. Pallial line or impression; the line left in the dead shell 
by the muscular margin of the mantle. Pallial shell ; a shell which is 
secreted by, or contained within, the mantle, such as the “bone” of the 
Cuttle-fishes. 

Palpi (Lat. palpo, I touch). Processes supposed to be organs of touch, de- 
veloped from certain of the oral appendages in Insects, Spiders, and Crus- 
tacea, and from the sides of the mouth in the Acephalous Molluscs. 

Panspermy (Gr. pan, all ; sperma, seed). The theory that living beings are 
never produced except from pre-existent living beings. 

Papilla (Lat. for nipple). A minuhe soft prominence. 

Parapodia (Gr. para, beside ; podes, feet). The unarticulated lateral locomo- 
tive processes or “ foot-tubercles” of many of the Annelida. 

Parietal (Lat. paries, a wall). Connected with the walls of a cavity or of the 
body. 

Pariktosplanchnio (Lat. paries; Gr. splaqchna, viscera). Applied to one 
of the nervous ganglia of the Mollusca, which supplies the wall§ of the body 
and the viscera. 
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pABTHraoOBSMis (Lat. parOitnos, a virgin ; and gigwmai, to be bom), 
btnctly speaking, confined to the production of new individuals from virgin 
females by means of ova without the intervention of a male. Sometimes 
used also to designate asexual reproduction by gemmation or fission 

PATAOroM (Lat. the. border of a dress). Applied to the expansion of the in- 
tegument by which Bats, Flying S<iuiiTels, and other animals support 
themselves in the air. ^ 

Patella. The knee-cap or knee-pan. A sesamoid bone developed in the 
tendon of insertion of the peat extensor muscles of the thigh. 

PaUROPODA (Gr. pauroa, little ; podest feet). An order of MyrLapodo. 

Pectinate (Lat. pectm, a comb). Comb-like ; applied to the gills of certain 
Oasteropoda^ hence called Pectinihranckiata. 

Pectoral (Lat. pecim, chest). Connected with, or placed upon, the chest. 

Perennibranchiata (Lat. perennis^ perpetual ; Gr. hrajchiay gill). Applied 
to those Amphibia in which the gills are permanently retained throu^out 
life. 

Pedal (Lat. pes^ the foot). Connected with the foot of the Mollusca. 

Pedicellari.^ (Lat. pedicelluSy a louse). Certain singular appendages found 
in many Echinodermsy attached to the surface of the body, and resembling 
a little beak or forceps supported on a stalk. 

Pedicle (Lat. dim, oipesy the foot). A little stem. 

Pedipalpi (Lat. pesy foot ; and palpOy I feel). An order of Arachnida com- 
prising the Scorpions, &c. 

Peduncle (Lat. pedunculusy a stem or stalk). In a restricted sense applied 
to the muscular process by which certain Brachiopods are attached, and to 
the stem which bears the body (capitulum) in Barnacles. 

Peduncuiate. Possessing a peduncle. 

Pelagic (Gr. pelagosy sea). Inhabiting the open ocean. 

Pelecypoda (Gt. pelehicsy an axe ; podeSy feet). A name often applied to the 
Lamellihranchiatay on account of many of them having a hatchet-.shaped 
or sickle-shaped foot. 

Pelvis (Lat. for basinj. Applied, from analogy, to the basal portion of the 
cup {calyx) of Crinoids, The bony arch with which the hind-limbs are con- 
nected in Vertebrates. 

Pergamentaceous {JjsX. pergamma, parchment). Of the texture of parchment. 

Pericardium (Gr. periy around ; kardiay heart). The serous membrane in 
which the heart is contained. 

Periderm (Gr. periy around ; and dermay skin). Tlie hard cuticular layer 
which is aeveloped'by the coonosarc of certain of the Hydrozoa. 

Perigastric (Gr. periy around ; and gastcTy stomach). The perigastric space 
is the cavity which surrounds the stomach and other viscera, corresponding 
to the abdominal cavity of the higher animals. 

Periostracum (Gr. peri ; and ostrakouy shell). The layer of epidennis which 
covers the shell in most of the Mollusca. 

Periplast (Gr. peri; and plassOy I mould). The intercellular substance or 
matrix in whicn the organised structures of a tissue are embedded. 

Perisaro (Gr. periy around; sarx, flesh). Employed by Prof. A'lman as a 
general term for the chitinous envelope secreted by many of the Hydrozoa. 

Pkrisome (Gr. y and somay body). The coriaceous or calcareous integu- 
ment of the Echinodermata. 

Perissodactyla (Gr. perissosy uneven ; doMuloSy finger). Applied to those 
Hoofed Quadrupeds {Ungalata) in which the feet have an uneven number 
of toes. , . , . . 

Peristome (Gr. peri; and stomay mouth). The space which intervenes be- 
tween the mouth and the margin of the calyx in Vorticella ; also the space 
between the mouth and the tentacles in a sca-anemono {Actinia) ; also the 
lip or margin of the mouth of a univalve shell. . 

Perivisceral {Gr.peri; and Lat. visceray the internal organs). Applied to 

the space surrounding the viscera. 

Petaloid. Shaped like the petals of a flower. ^ , j. .* 

Phalanges (Gr. phalanxy a row). The small bones composing the digits of the 
higher Vertehrata, Normally each digit has three phalanges. 
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Pharyngobranchii (Gr. pharugx, pharynx ; bragchiat gill). The order of 
Fishes coinprising only the Lancelet. 

Pharynx. The dilated commencement of the gullet. 

PhrAgmacone (Gr. phraugum^ a partition ; and iwms, a cone). The chambered 
portion of the internal shell of a Belemnite, 

Phylactoljemata (Gr. phidasso, I guard ; and laimos, throat). The division 
of Polyzoa in which the mouth is provided with the arched valvular process 
known as the “epistorae.” 

Phyllocysts (Gr. phulUm, leaf ; and kustis, a cyst). The cavities in the in- 
terior of the hydrophyllia ’* of certain of the Oceanic Hydrozoa. 

Phyllopoda (Gr. phullon^ leaf; and foot). An order of Crustacea. 

Phyooemmaria (Gr. phuo^ I produce ; and Lat. gemma^ bud). The small 
gonoblastidia of Velellay one of the Physophoridas. 

Physograda (Gr. phusa^ bellows or air-bladder ; and Lat. gradior, I walk). 
Applied foi-merly to the Physophoridae, an order of Oceanic Hydrozoa, in 
which a “ float” is present. 

Physophorid^ (Gr. phusa, air-bladder ; and jpAcro, I carry). An order of 
Oceanic Hydrozoa. 

Phytoid (Gr. phuton, a plant ; and eidoa, form). Plant-like. 

Phytophagous (Gr. phuton, a plant; und phago, I eat). Plant -eating, or 
herbivorous. 

Pinnate (Lat. pinna, a feather). Feather - shaped, or possessing lateral 
processes. 

PiNNiGRADA (Lat. pinna, a feather ; gradior, I walk). The group of Carni- 
vora, comprising the Seals and Walruses, adapted for an aquatic life. Often 
called Pinnipedia. 

PiNNUL/B (Lat. dim. oX pinncC). The lateral processes of the arms of Crinoids. 

Pisces (Lat. piscis, a fish). The class of Vertebrates comprising the Fishes. 

Placenta (Lat. a cake). The “ after-birth,” or the organ by which a vascu- 
lar connection is established in the higher Mammalia between the mother 
and the foetus. 

Placental. Possessing a placenta, or connected with the placenta. 

Placoid (Gr. plax, a plate ; eidos, form). Applied to the irregular bony 
plates, grains, or spines which are found in the skin of various Ashes 
( Elasmohranchii) . 

Plagiostomi (Gr. plagios, transverse ; stoma, mouth). The Sharks and Rays, 
in which the mouth is transverse, and is placed on the under surface of the 
head. 

Planarida (Gr. plane, wandering). A sub-order of the Turhellaria. 

Plantigrade (Lat. plania, the sole of the foot ; gradior, I walk). Applying 
the solo of the foot to the ground in walking. 

Planula (Lat. planus, flat). The oval ciliated embryo of certain of the 
Invertebrates. 

Plastron. The lower or ventral portion of the bony case of the Chelonians. 

Platyelmia (Gr. plains, broad ; and helmins, an intestinal worm). The 
division of Scolecida comprising the Tape-worms, &c. 

Platyrhina (Gr. platus, broad ; rhines, nostrils). The group of the Qv/id- 
rumana. 

Pleura (Gr. the side). The serous membrane covering the lung in the air- 
broathing Vertebrates. 

Pleuron (Gr. pleuron, a rib). The lateral extensions of the shell of Crustacea. 

Pluteus (Lat. a pent-house). The larval form of the Echinoidea. 

Pneumatic (Gr. pneuma, air) Filled with air. 

Pneumatocyst (Gr. pneuma, air ; and kustis, cyst). The air-sac or float of 
certain of the Oceanic Hydrozoa {Physophoridcs). 

Pneumatophore (Gr. pneuma, air ; and phero, I carry). The proximal 
dilatation of the coenosarc in the Physopkoridee which surrounds the pneu- 
matocyst. 

Pneumoskeleton (Gr. pneuma; and skeleios, dry). The hard structures which 
are connected with the breathing organs {e.g., the shell of Molluscs). 

Podophthalmata (Gr. pous, foot ; and ophthalmos, eye). The division of 
Crustacea in which the eyes are borne at the end of long foot-stalks. 
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PODOSOMATA (Gr. pou$, foot ; soma, body). An order of Arachnida, 

POEPHAOA (Gr. poe, grass, ph^o, I eat). A group of the Marsupials. 

POLLEX (Lat. the thumb). The innermost of the five normal digits of the 
anterior limb of the higher Vertebrates. In man, the thumb 

POLYOHiETA (Gr. wlus, many ; chaite, bristle). A name often applied to. the 
Tubicolar and Errant Annelides to distinguish them collectively from the 
Oiixjochcsta (Earthworms, &c.). ^ 

POLYOYSTINA (Gr. polus, many ; and kustiSf a cyst). An order of Protoza 
with foraminated siliceous shells. * 

POLYOASTRICA (Gr. polus ; and gasteTy stomach). The name applied by 
Ehrenberg to the Infusoria, under the belief that they possessed many 
stomachs. 

Polypary. The hard chitinous covering secreted by many of the Ilydrozoa. 

Polype (Gr. polus, many ; poua, foot). Restricted to the single individual of 
a simple A ctinozoijn, sucli as a Sea-anemone, or to the separate zooids of a 
compound ActinozoUn. Often applied indiscriminately to any of the CosUn- 
terata, or even to the Polyzoa. 

Polypide. The separate zodid of a Polyzodn. 

PoLYPiDOM. The dermal system of a colony of a Hydrozobn or Polyzoon. 

Polypite. The separate zodid of a Hydrozoon. 

POLYSTOME (Gr. polus, many ; and stoma, mouth). Having many mouths ; 
applied to the Acinetce amongst the Protozoa. 

POLYTHALAMOUS (Gr. polus ; and thalamos, chamber). Having many cham> 
bers ; applied to the shells of Foraminifera and Cephalopoda. 

POLYTROCHAL (Gr. polus, many ; trochos, wheel). An epithet applied to those 
larv® of Annelides and other Invertebrates, in which there are successively- 
disposed circlets of cilia. 

Polyzoa (Gr. poluj; and zoon, animal). A division of the Molluscoida, com- 
prising compound animals, such as the Sea-mat. Sometimes called Bryozoa. 

POLYZOAUIUM. The dermal system of the colony of a Polyzoon (= Polypi- 
dom). 

PORCELLANOUS. Of the texture of porcelain. 

PORIFERA (Lat. porus, a pore ; and fero, I carry). Sometimes used to desig- 
nate the Foraminifera, or the Spimges. 

POST-ABDOMEX. That portion of the ** abdomen” of Cnistacea, Arachnida, 
and Myriapoda which lies behind the segments corresponding with the 
abdomen of Insects. 

Post-anal. Situated behind the anus. 

PosT-(ESOPHAGEAL. Situated behind the gullet. 

Post-oral. Situated behind the mouth. 

PRiE-MAXiLLA. {See Intermaxill®.) 

PRiEMOLARS (Lat. prcB, before ; inolares, the grinders). The molar teeth of 
Mammals which succeed the molars of the milk-set of teeth. In man, the 
bicuspid teeth. 

Prje-cesophageal. Situated in front of the gullet. 

PRA3-STERNUM. The anterior portion of the breast-bone, corresponding with 
the manubrium sterni of human anatomy, and extending as far as the point 
of articulation of the second rib. 

Pressirostres (Lat. pressus, compressed; rostrum, beak). A group of the 
Grallatorial Birds. 

Proboscidea (Lat. proboscis, the snout). The order of Mammals comprising 
the Elephants. . 

Proboscis (Lat. or Gr. the snout). Applied to the spiral trunk of Lepidop- 
UroxfAs Insects, to the projecting mouth of certain Crinoids, and to the cen- 
tral polypite in the Medusoe. ^ t r t 

Proc(ELOUS (Gr. jrro, before ; hollos, hollow). Applied to vertebrae, the bodies 
of which are hollow or concave in front. . . 

Proglottis (Gr. for the tip of the tongue). The generative segment or joint 
of a Tape-worm. 

Pro-legs. The false abdominal feet of Caterpillars. 

PuoNATiON (Lat. pronus, lying on the face, prone). The act of turning the 
palm of the hand downwards. 
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Propodium (Gr. jpro, before ; pous, foot). The anterior part of the foot in 
Molluscs. 

Proscolex (Gr. pro, before ; scokx, worm). The first embryonic stage of a 
Tape-worm. 

Prosobranchiata (Gr. proson, in advance of ; hragchia, a gill). A division 
of Gasteropodous Molluscs in which the gills are situated in advance of the 
heart. 

Prosoma (Gr. 2^0, before ; soma, body). The anterior part of the body. 

Prothorax (Gr. pro; and thorax, chest). The anterior ring of the thorax of 
insects. 

Protophyta (Gr. protos, first; and plant). The lowest division of 

plants. 

Protoplasm (Gr. protos; and plasso, I mould). The elementary basis of or- 
ganised tissues. Used synonymously with the ‘‘ sarcode ” of the Protozoa. 

Protopodite (Gr. protos, first ; and pous, foot). The basal segment of tlie 
typical limb of a Crustacean. 

Protozoa (Gr. protos; and 20011, animal). The lowest division of the animal 
kingdom, 

PROVENTRICULUS (Lat. pro, ill front of; ventriculus, dim. venter, belly). 
The cardiac portion of the stomach of birds. 

Proximal (Lat. proximus, next). The slowly - growing, comparatively-fixed 
extremity of a limb or of an organism. 

PsALTERiUM (Lat. a stringed instrument). The third stomach of Ruminants. 
{See Omasum.) 

PsEUDEMBRYO (Gr. pseudos, falsity ; emhruon, embryo). The larval form of 
an Echinoderm. 

PsEUDOBRANCHiA (Gr. pseudos, falsity; hragchia, gill). A supplementary 
gill found in certain fishes, which receives arterialised blood only, and does 
not, therefore, assist in respiration. 

PsEUDOH^MAL (Gr. pscudos, falsity ; and haima, blood). Applied to the vas- 
cular system of Annelida. 

Pseudo - HEARTS. Certain contractile cavities connected with the atrial 
system of Brachiopoda, and long considered to be hearts, 

PSKUDO-NAVIUELLAS (Gr. pseudos, false ; and Navicida, a genus of Diatoms). 
Tlie embryonic forms of the Gregarinidas, so called from their resemblance 
in shape to the Navicula. 

Pseudopodia (Gr. pseudos ; and pous, foot). The extensions of the body- 
substance w’hich are put forth by the Jihizopoda at will, and which serve 
for locomotion and prehension. 

PsKUDOVA (Gr. pseudos; Lat. ovum, egg). The egg-like bodies from which 
the young of tlie viviparous Aphis are produced. 

Pteropoda (Gr. pteron, wing ; and foot). A class of the Mollusca wliich 
swim by means of fins attached near the head. 

Ptkrosauria (Gr. pteron, wing ; saura, lizard). An extinct order of reptiles. 

Pubis {Lai. pubes, hair). The share-bone ; one of the bones which enter into 
the composition of the pelvic arch of Vertebrates. 

PuLMOOASTEROPODA ( = Puliiionifera). 

PULMONARIA. A division of A rachnida which breathe by means of pulmonary 
sacs. 

PULMONATE. Possessing lungs. 

PuLMONiPERA (Lat. 2 ? wf 7/10, a lung; and/ero, I carry). The division q{ MoU 
lusca which breathe by means of a pulmonary chamber. 

Pupa (Lat. a doll). The stage of an insect immediately preceding its appear- 
ance in a perfect condition. In the pupa-stage it is usually quiescent— when 
it is often called a “ chrysalis ; ” but it is sometimes active — when it is often 
called a “ nymph.” 

Pylorus (Gr. 2^^doros, a gatekeeper). The valvular aperture between tlie 
stomach and the intestine. 

Pyriform (Lat. pyrus, a pear ; and forma, form). Pear-shaped. 

Quadrumana (Lat. quatuor, four; manus, hand). The order of Mammals 
comprising the Apes, Monkeys, Baboons, Lemurs, &c. 
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Radiata (Lat. radius, a ray). Fonnerly applied to a large number of animals 
vdiich are now placed in separate sub- kingdoms (e.y., the Ccclenterata, the 
Echinodernuita, the Infusoria, &c.). 

Radiolaria (Lat. radius, a ray). A division of Protozoa. 

Radius (Lat. a spoke or ray). The innermost* of the two bones of the fore- 
arm of the higher Vertebrates. It carries the thumb, when present, and 
corresponds with the tibia of the hind-limb. 

Radula (Lat. radula, a scraping-iron). An epithet often given to the toothed 
lingual ribbon or *^odontophore” of the higner Mollusca. 

Hamus (Lat. a branch). Applied to each half or branch of the lower jaw or 
mandible of Vertebrates. 

Raptores (Lat. rapto, I plunder). Tho order of the Birds of Prey. 

Basores (Lat. rado, I S(Tatc.h). The order of the Scratching Birds (Fowls, 
Pigeons, &c.). 

RxVTiTiB (Lat. rates, a raft). Applied by Huxley to the Cursorial Birds, 
which do not fly, and have therefore a raft-like sternum without any median 
keel. 

Rectum (Lat. rectus, straight). The terminal portion of the intestinal canal, 
opening at the surface of the body at the anus. 

Beptilia (Lat. repto, 1 crawl). The class of the Vertehrata comprising the 
Tortoises, Snakes, Lizards, (Jrocodiles, &c. 

Beticulosa (Lat. reticulum, a net). Employed by Dr Carpenter to designate 
those Protozoa, such as the Foramiutfera, in which the pseudopodia run 
into one another and form a network. 

Reticulum (Lat. a net). The second division of the complex stomach of 
Ruminants, often called the “honeycomb-bag.” 

Reversed. Applied to spiral univalves, in which the direction of the spiral 
is the reverse of the normal— t.c., sinislral. 

Rhabdophora (Gr. rhabdos, a rod ; and phero, I carry). Employed by Prof. 
Allman as a name for the Graptolites, in consequence of their commonly 
possessing a chitinous rod or axis supporting the perisarc. 

Rhizophaga (Gr. rhiza, root ; phago, I eat). A group of the Marsupials. 

Rhizopoda (Gr. rhiza, a root ; and pom, foot). The division of Protozoa com- 
prising all those which are capable of emitting pseud opodia. 

Riiopalocera (Gr. rhopalon, club; keros, horn). A name given to the But- 
terflies among the Lepidoptera in allusion to the fact that the antennte are 
clubbed at the end. 

Rhyncholites (Gr. rhunchos, beak ; and lithos, stone). Beak-shaped fossils, 
consisting of the mandibles of Cephalopoda. 

Bodentia (Lat. rodo, I gnaw). An order of the Mammals ; often called Glires 
(Lat. glis, a dormouse). 

Rostrum (Lat. rostrum, beak). The “beak” or suctorial organ formed by 
the appendaws of the mouth in certain insects. 

Rotatoria (=Rotifera). 

Rotifera (Lat. rota, wheel ; and f era, I carry). A class of the Scolecida 
(Annuloida) characterised by a ciliated “troctial disc.” 

Ruoosa (Lat. rugosus, wrinkled). An order of Corals. 

Rumen (Lat. the throat). The first cavity of the complex stomach of Rumi- 
nants ; often called the “ paunch.” 

Ruminantia (Lat. ruminor, I chew the cud). Tho group of Hoofed Quadru- 
peds \Ungulata) which “ ruminate ” or chew tho cud. 

Sacrum. The vertebras (usually anchylosed) which unite with the haunch- 
bones [ilia) to form the pelvis. 

Sand-oanal (= Stone-canal). The tube by which water is conveyed from 
the exterior to the ambulacral system of the Echinodermata. 

Sarcodk (Gr. sarx, flesh ; eidos, form). The jelly-like substance of which 
the bodies of the Protozoa are composed. It is an albuminous body con- 
taining oil-granules, and is identical with protoplasm. 

Sarcoids (Gr. sarx; and eidos, form). The separate amcebiform particles 
which in the aggregate make up the “ flesh ” of a Sponge. 

Saur^ (Gr. saura, a lizard). Any lizard-like Reptile is often spoken of as a 
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“Saurian ; ” but the term is sometimes restricted to the Crocodiles alone, 
or to the Crocodiles and Lacertilians. 

Saurobatraohia (Gr. saura; batrachos^ frog). Sometimes applied to the 
order of the tailed Amphibians ( Urodela). 

Sauropsida (Gr. saura ; and onsw, appearance). The name given by Huxley 
to the two classes of the Birds and Reptiles collectively. 

Sauropteryoia (Gr. saii^a ; pterux^ wing). An extinct order of Reptiles, 
called by Huxley Plesiosauria, from the typical genus Plesiosaunis, 

SAUBURiB (Gr. saura ; oura^ tail). The extinct order of Birds comprising 
only the Archaeopteryx, 

SCANSORES (Lat. scxindOf I climb). The order of the Climbing Birds (Parrots, 
Woodpeckers, &c.). 

SCAPHOQNATHiTE (Gr. skaphos^ boat ; and g'uathoSy jaw). The boat-shaped 
appendage (epipodite) of the second pair of maxillm in the Lobster, the 
function of which is to spoon out the water from the branchial chamber. 

Scapula (Lat. for shoulder-blade). The shoulder-blade of the pectoral arch of 
Vertebrates ; in a restricted sense, the row of plates in the cup of CrinoidSf 
which give origin to the arms, and are usually called the “ axillary radials.” 

Sclerenchyma (Gr. sUeros, hard; and enchumif tissue). The calcareous 
tissue of which a coral is composed. 

SCLERITES (Gr. BMeros). The calcareous spicules which are scattered in the 
soft tissues of certain Actinozoa, 

ScLEROBASic (Gr. skleros, hard ; basis, pedestal). Applied to the coral which 
is produced by the coenosarc in certain Actinozoa Red Coral), and 

which forms a solid axis which is invested by the soft parts of the animal. 
It is called “ foot-secretion ” by Mr Dana. 

Sclerodermic (Gr. skLeros ; and derma, skin). Applied to the corallum which 
is deposited between the tissues of certain Actinozoa, and is called “ tissue- 
secretion” by Mr Dana. 

Sclerotic (Gr. skleros, hard). The outer dense fibrous coat of the eye. 

Scolecida (Gr. skolSx, worm). A division of the Annuloida, 

ScoLEX (Gr. skolex). The embryonic stage of a Tape- worm, formerly known 
as a “ Cystic worm.’* 

.Scuta (Lat. scutum , a shield). Applied to any shield-like plates ; especially 

to those which are developed in the integument of many Reptiles. 

Selachia or Selachii (Gr. seUichos, a cartilaginous fish, probably a shark). 
The sub-order of Elasmobranchii, comprising the Sharks and Dog-fishes. 

Sepiostaire. The internal shell of the Sepia, commonly known as the 
“ cuttle-bone.” 

Septa. Partitions. 

Serpentifoum. Resembling a serpent in shape. 

Sertularida (Lat. sertum, a wreath). An order of Hydrozoa, 

Sessile (Lat. sedo, 1 sit). Not supported upon a stalk or peduncle ; attached 
by a base. 

Set.® (Lat. bristles). Bristles, or long stiff hairs. 

Setiferous. Supporting bristles. 

Setigerous (= Setiferous). 

Setose. Bristly. 

Siliceous (Lat. silex, flint). Composed of flint. 

Sinistral (Lat. sinistra, the left hand). Left-handed ; applied to the direc- 
tion of the spiral in certain shells, which are said to be “reversed.” 

Sinus (Lat. simts, a bay). A dilated vein or blood-receptacle. 

Siphon (Gr. siphon, a tube). Aimlied to the respiratory tubes in the Mol- 
lusca ; also to other tubes of different functions. 

SiPHONOPHORA (Gr. siphon; sjk^phero, I carry). A division of the IJydrozoa, 
comprising the Oceanic forms {Calycophoridai and Physophoridm). 

SiPHONOSTOMATA (Gr. sipthon ; and storm, mouth). The division of Gasteropo- 
dous Molluscs, in which the aperture of the shell is not “entire,” but 
possesses a notch or tube for the emission of the respiratory siphon. 

SiPHUNCLE (Lat. siphunculus, a little tube). The tube which connects together 
the various chambers of the shell of certain Cepludopoda {e,g», the Pearly 
Nautilus). , 
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SiPUNOULOiDEA ( Lat. siphunculusj a little siphon). A class of AnartAropoda 
(Annulosa), ^ 

SiRENiA (Gr. sciT&tif a mermaid). The order of Jld^cttntnialict compri si ng the 
Dugongs and Manatees. 

SOLIDUNGULA (Lat. Solid; ungula, a hoof). The group of Hoofed 
Quadrupeds comprising the Horse, Ass, and Zebra, in which each foot, in 
the living forms, has only a single solid hoof. Often called Solipedia, 

Somatic (Gr. soma, body). Connected with the body. 

SOMATOCYST (Gr. soma ; and kustis^ a cyst). A peculiar cavity in the coonosarc 
of the Calycophoridas {Hydrozoa), 

Somite (Gr. soma). A single sclent in the body of an Articulate animal. 

Spermakium. The organ in which spermatozoa are produced. 

Spermatophores (Gr. sperma, seed ; phero^ I carry). The cylindrical capsules 
of the Cephalopoda^ which carry the spermatozoa ; sometimes called the 
“moving lilaments of Needham.” 

Spermatozoa (Gr. sperma^ seed ; and zoUn, animal). The microscopic fila- 
ments which form the essential generative element of the male. 

SPHiBRiDiA (Gr. sphairidion^ a little ball or sphere). Minute stalked appen- 
dages with button-shaped heads carried by most living Sea-urchins, and 
supposed to be organs of sense. 

Spicula (Lat. spicuLum^ a point). Pointed needle-shaped bodies. 

Spinnerets. The organs by means of which Spiders and Caterpillars spin 
threads. 

Spiracles (Lat. spirOf I breathe). The breathing-pores, or apertures of the 
breathing- tubes (trachese) of Insects. Also the single nostril of the Hag- 
fish e.s, the “ blow-hole ” of Cetaceans, &c. 

Splanchnoskeleton (Gr. splaychtuiy viscera ; skeletos^ dry). The hard struc- 
tures occasionally developed in connection with the internal organs or 
viscera. 

Sponge-particles. (See Sarcoids.) 

Spongida (Gr. spoggos^ a sponge). The division of Protozoa commonly known 
as sponges. 

Spores (Gr. spora^ seed). Germs, usually of plants ; in a restricted sense, 
the reproductive “ gemmules ” of certain sponges. 

iSFOKOSACS (Gr. spora, seed; and sakkos^ a hag). The simple generative buds 
of certain Uydrozoa, in which the inedusoid structure is not developed. 

Squamata (Lat. sqitamay a scale). The division of reptiles comprising the 
Ophidia and Lacertilia in wliich the integument develops horny scales, but 
there are no dermal ossifications. 

Statoblasts (Gr. statos, stationary ; llastos, bud). Certain reproductive buds 
developed in the interior of Polyzoa, but not liberated until the death of the 
parent organism. 

Steoanophthalmata (Gr. steganos, covered ; and opJithalmos, the eye). Ap- 
plied by Edward Forbes to certain Meduswy in which the sense-organs 
(“ marginal bodies”) are protected by a sort of hood. The Sleganophihal- 
mata are now separated from the true Medusidvs, and placed in a separate 
division under the name Lucernarida. 

Stellerida (Lat. Stella^ star). Sometimes employed to designate the order of 
the Star-fishes. 

Stelltform. Star-shaped. 

Stemmata (Gr. stemma, garland). The simple eyes, or “ ocelli,” of certain 
animals, such as Insects, Spiders, and Crustacea. 

Sternum (Gr. stemon). The breast-bone. 

Stigmata. The breathing-pores in /nscc/s and A ruc/wirfa. 

Stolon (Gr. stolosy a sending forth). Offshoots. — The connecting processes of 
sarcode in Foraminifera ; the connecting tube in the social Asculians ; the 
processes sent out by the coenosarc of certain A ciinozoa. 

Stomapoda (Gr. stoma^ mouth ; pous, foot). An order of Crustacea. 

Stomatode (Gr. stoma). Possessing a mouth. The Infusoria are thus often 
called the Stomatode Protozoa. 

Strepsiptera (Gr. strephOy I twist; pteroriy wing). An order of Insecps ju 
whi^ the anterior wings are represented by twisted rudiments. 
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Stkefsibhina (Gr. strepho, I twist ; rhines, nostrils). A group of the Quad- 
rumana, often spoken of as Prosimia, 

Stbobila (Gr. strobilos, a top, or fir-cone). The adult Tape-worm, with its 
generative segments or proglottides ; also applied to one of the stages in the 
life-history of the Luceniarida. 

Styliform (Lat. stylus^ a pointed instrument; forma, form). Pointed in 
shiipe. 

Sub-calcareous. Somewhat calcareous. 

Sub-central. Nearly central, but not quite. 

Sub-pedunculate, Supported upon a very short stem. 

Sub-sessile. Nearly sessile, or almost without a stalk. 

Supination (Lat. supinus, lying with the face upwards). The act of turning 
the hand with the palm upwards. 

Suture (Lat. suo, I sew). The line of junction of twb*parts which are im- 
movably connected together. Applied to the line where the whorls of a 
univalve shell join one another; also to the lines made upon the exterior of 
the shell of a chambered Cephalopod by the margins of the septa. 

SwiMMERETS. Tho Unibs of Crustacea, which are adapted for swimming. 

Symphysis (Gr. sumphusis, a growing together). Union of two bones in which 
there is no motion, or hut a very limited amount. 

Synapticul^ (Gr. sunapto, I fasten together). Transverse props sometimes 
found in Corals, extending across the loculi like the bars of a grate. 

SYSTOii; (Gr. sustello, I contract). Applied to the contraction of any contrac- 
tile cavity, especially the heart. 

Tabul.® (Lat. tabula, a tablet). Horizontal plates or floors found in some 
(Jorals, extending across the cavity of the theca,*’ from side to side. 

Tactile (Lat. tan^Oj I touch). Connected with the sense of touch. 

T®niada (Gr. taxnia, a ribbon). The division of Scolecida comprising the 
Tape-worms. 

Tjenioid (Gr. tainia ; and eidos, form). Ribbon-shaped, like a Tape-worm. 

Tauso-metatarsus. The single bone in the leg of Birds produced by the 
union and anchylosis of the lower and distal portion of the tarsus with the 
whole of the metatarsus. 

Tarsus (Gr. tarsos, the flat of the foot). The small bones which form the 
ankle (or instep ” of man), and which correspond with the wrist (carpus) 
of the anterior limb. 

Tectibranchiata (Lat. tectus, covered ; and Gr. bragehia, gills). A division 
of Opisthobraruihiate Gasteropoda in which the gills are protected by the 
mantle. 

Tegumentart (Lat. tegwnenium, a covering). Connected with the integument 
or skin. 

Teleostei (Gr. teleios, perfect; osteon, bone). The order of the “Bony” 
Fishes. 

Telson (Gr. a limit). The last joint in tlie abdomen of Crustacea ; vari- 
ously regarded as a segment without appendages, or as an azygous ap- 
pendage. 

Tenuirostres (Lat. tenuis, slender ; rostrum, beak). A group of the Perch- 
ing Birds characterised by their slender beaks. 

Teugum (Lat. for back). The dorsal arc of the somite of an Arthropod. 

Terricola (Lat. terra, earth j and colo, I inhabit). Employed occasionally to 
designate the Earth-worms (Lumbricida:). 

Test (Lat. testa, shell). The shell of Mollusca, which are for this reason 

sometimes called Testacea ;** also, the calcareous case of Echinoderms ; 
also, the thick leathery outer tunic in the TunicMa. 

Testaceous. Provided with a shell or hard covering. 

Testis (Lat. testis, the testicle). The organ in the male animal which pro- 
duces the generative fluid or semen. 

Tetrabranchiata (Gr. tetra, four ; bragehia, gill). The order of Cephalopoda 
characterised by the possession of four gills. 

Thalassicollida (Gr. thalassa, sea ; kolla, glue). A division of Protozoa. 

Theca (Gr. theke, a sheathb A sheath or receptacle. ^ 
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Thecosomata (Gr. tlieke; and sorm^ "body). A division of Pteropodmis 
Molluscs^ in which the body is protected by an extenial shell. 

Theriomorpha (Gr. ther, beast ; Tnorphe, shape). Applied by Owen to the 
order of the Tail-less Amphibians {Anoura). 

•'J’HOBAX (Gr. a breastplate). The chest. 

Thread-cells. (^See Cnidaj.) 

Thysanura (Gr. thusanoi^ fringes ; and oura^ tail). An order of Apterous 
Insects. 

Tibia (Lat. a flute). The sliin-bone, being the innermost of the two bones of 
the leg, and corresponding with the radius in the anterior extremity. 

TOTiPALi^TiB (Lat. totus^ whole ; palma, the jDalm of the hand). A group 
of Wading Birds in wliich the hallux is united to the other toes by mem- 
brane, so that the feet are completely webbed. 

Toxodontia (Gr. toxorit bow ; odcnis, tooth). A distinct order of Mammals. 

Trachea (Gr. trachem, the rough windpipe). The tube which conveys air to 
the lungs in the air-breathing Vertebrates. 

TRACHEiE. The breathing-tubes of Insects and other Articulate animals. 

Trachearia. The division of Arachnida which breathe by means of trachece. 

Trematoda (Gr. irema^ a pore). An order of Scolecida. 

Trichocybts (Gr. thrix^ hair ; and kustiSy a cyst). Peculiar cells found in 
certain Infu^orm, and very nearly identical with the “thread-cells” of 
Coslenterata. 

Trilobita (Gr. treiSy three ; lohoSy a lobe). An extinct order of Crustaceajis. 

Tritozooid (Gr. tritos, third ; zoouy animal ; and eidoSy form). The zoditl 
produced by a deuterozooid ; that is to say, a zobid of the third generation. 

Trochal (Gr. trochosy a wheel). Wheel-shaped ; applied to the ciliated disc 
of the Rotifer a. 

Trochanter (Gr. trechoy I turn). A process of the upper part of the thigh- 
bone {femur) to whi(!h are attached the muscles which rotate the limb. 
There may be two, or even three, trochanters present. 

Trochoid (Gr. trochoSy a wheel ; and eidosy form). Conical with a flat base ; 
applied to tho shells of Formninifera and Univalve Molluscs, 

Trophi (Gr. trophos, a nourisher). The parts of the mouths In insects whicli 
are concerned in tho acquisition and preparation of footi. Often called 
“instrumenta cibaria.” 

Trophosome (Gr. irephoy I nourish ; and so'ina, body). Applied collectively 
to the assemblage of the nutritive zooids of any nyarnzoUn. 

Truncated (Lat. trunco, I shorten). Abruptly cut off ; applied to univalve 
shells, the apex of which breaks off, so that the shell becomes “decol- 
lated.” 

TuBicOLfV (Lat. tubuy a tube ; and coloy I inhabit). The order of Annelida 
which construct a tubular case in which they protect themsclve.s. 

'ruBicoLOTjs. Inhabiting a tube. 

Tdnicata (Lat. tunicUy a cloak). A class of Molluscoida which are enveloped 
in a tough leathery case or “test.” 

Turbell.vrta (Lat. turbOy I disturb). An order of Scolecida. 

Turbinated (Lat. turbOy a top). Top-shai)cd ; conical with a round base. 

Ulna (Gr. olenSy the elbow). The outermost of the two bones of the fore-arm, 
corresponding with the fibula of tho liind-limb. 

Umbellate (Lat. unihellay a parasol). Forming an nmbel — i.e.y a number ol 
nearly equal radii all proceeding from one point. 

Umbilicus (Lat. for navel). The aperture seen at the base of the axis oi 

certain univalve shells, which are then said to be “perforated" or “ um- 
bilicated.” 

Umbo (Lat. tho boss of a shield). The beak of a bivalve sliell. 

Umbrella. The contractile disc of one of the Luceruarida. 

Uncinate (Lat. uncinuSy a hook). Provided with hooks or bent spines. 

Unquiculate (Lat. unrjuiSy nail). Furnished with claws. ^ 

Unqulata (Lat. ungulay hoof). The order of Mammals comprising tne 
Hoofed Quadrupeds. 

UNuuLAtK. Furnished with expanded nails constituting hoofs. 

3 
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Unilocular (Lat. umis, one ; and Ucvlus^ a little purse). Possessing a single 
cavity or chamber. Applied to the shells of Foraminifera and Mollusca. 

Univalve (Lat. unus^ one; valvce, folding doors). A shell composed of a 
single piece or valve. 

Urodela (Gr. oura, tail ; delos, visible). The order of the tailed Amphibians 
(Newts, &cj 

Urtioatinq Cells (Lat. urtica^ a nettle). (See Cnidae). 

Vacuoles (Lat. vacmis^ empty). The little cavities formed in the interior of 
many of the Protozoa by the presence of little particles of food, usually sur- 
rounded by a little water. These are properly called “food vacuojes,” and 
were supposed to be stomachs by Ehrenberg. Also the deaf spaces which 
are often seen in the tissues of many Ccelent&rata. 

Varices (Lat. varix, a dilated vein). The ridges or spinose lines which mark 
the former position of the mouth in certain univalve shells. 

Vascular (Lat. rcw, a vessel). Connected with the circulatory system. 

Veliger (Lat. velum^ a sail ; gerOy I carry). A name applied to the larvte of 
most of the Molluscs, on account of their possessing ciliated lappets forming 
a “velum.” 

Velum (Lat. a sail). The membrane which surrounds and partially closes the 
mouth of the ‘ ‘ disc ” of Mediisce or of mediisiform gonopliores. 

Ventral (Lat. venter, the stomach). Relating to the inferior surface of the 
body. 

Ventricle (Lat. dim. oi venter, stomach). Applied to one of the cavities of 
the heart, which receives blood from the auricle. 

Vermes (Lat. vermes, a worm). Sometimes employed at the present day in 
the same, or very nearly the same, sen.se as Annuloida, or as Annyloida plus 
the Anarthropoda, 

Vermiform (Lat. vermis, worm; and/or;;i«, form). Worm-like. 

Vertebra (Lat. verto, 1 turn). One of the bony segments of the vertebral 
column or backbone. 

Vertebrata (Lat. vertebra, a bone of the back, from vertere. to turn). The 
division of the Animal Kingdom roughly characterised l)y the possession of 
a backbone. 

Vesicle (Lat. vesica, a bladder). A little sac or cyst. 

Vibracula (Lat. vibro, I .shake). I..ong filamentous appendages found in many 
Polyzoa. 

Vibriones (Lat. viJyro, T shake). The little moving filaments developed in or- 
ganic infusions. 

ViPERiNA (Lat. vipera, a viper). A group of the Snakes. 

Vitreous (Lat. vitrum, gla.s.s). Glassy, transparent. The “vitreous ” sponges 
are those with a skeleton of flint. 

Viviparous (Ijat. vivus, alive; and pario, I bring forth.) Bringing forth 
young alive. 

Whorl. The spiral turn of a univalve .shell. 

Xiphisternum (Gr. xiphos, sword ; sternon, breast-bone). Tlie inferior or 

f )Osterior segment of the sternum, corresponding with the ‘ * xiphoid carti- 
age ” of human anatomy. 

Xtphosura (Gr. xiphos, a sword; and oura, tail). An order of Crustacea, 
comprising the Limuli or King-Crabs, characterised by their long sword- 
like tails. 

Xylophaqous (Gr. xulon, wood ; and phago, I eat). Eating wood, applied to 
certain Mollusca. 

Zeuglodontid.® (Gr. zeugU, a yoke; odons, a tooth). An extinct family of 
Cetaceans, in which the molar teeth are two-fanged, and look as if composed 
of two parts united by a neck. 

ZooBciUM (Gr. zobm, animal ; oih)s, house). The “ cell ” or chamber in which 
the polypide of a Polyzobn is contained. 
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Z061D (Gr. zo^y animal ; and eidosy like). The more or less completely inde- 
pendent organisms, produced by gemmation or fission, whether these remain 
attached to one another or are detached and set free. 

Zoophyte (Gr. zol^riy animal ; phuton, plant). Loosely applied to many plant- 
like animals, suck as Sponges, Corals, Sea-anemones, Sea-mats, &c. 

Zoospores (Gr. zooriy animal; and sporUy seed). The ciliated locomotive 
germs of some of the lowest forms of plants (Proiophyta). 
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Aardvark, 077. 

Aardwoll’, 747. 

Abdominalia (Cirripedia), 292; (Fishe.s), 
485. 

Abiogenesis (see Spontaneous Generation). 
Ahranchiata (Annelida), 259. 
Abranchiata (Vertebrata), 458. 

Abyla, 13y. 

Acaleph<e, 127. 

Acanthocephala, 229; cliaracters of, 242. 
Acanthocvi<tis, 83, 

Acaiithodidu’, 492, 

Acaathometra, 79. 

Acanthonietrina, 79. 

Acanthophia, 542. 

Acanthopteriy 487. 

Acanthopterygii, 477, 483. 

Acaridat 321. 

A Carina, 320. 

Accessory plume, 573. 

Acophala (Mollusca), 390. 

Acerotherimn, 095, 090, 721. 

Ac.etabula, 419, 

Achetuhv, 350. 

Achthercit, 284, 285. 

Aciculido!, 415. 

Acinetn, 99. 

AcipcnKcr, 4S9, 490, 505. 

Acontia, 150. 

xVcoru-shells, 287, 288, 289. 

Acridiuhti, 350. 

AcroUus, 498. 

Actinia, 100, 155, 150, ISO. 

Actinidfjp, 154. 

Actinomeres, 177. 

Actinonictra, 214, 210. 

Acti acphrys, 77, 81, 82. 

Actinosoma, 154. 

Actiiwsphoiriuni, 82. 

Actinozoa, 108; characters of, 151 ; divi- 
sions of, 154; distribution of, 180. 
Aculeate Hynienoptera, 358. 

A(5Uleas, 357. 

Adclarthrononiata, 322. 

Adjutant, 011. 

AUjhieta, 130. 
jKyinijdcc, 130, 143. 

Jhinnpm, 130 . 

Ahithognathve, 578. 

JUuridce, 741. 

AEluTopm, 741. 
uHlurm, 741, 742. 

M)lidcc, 413.* 


/Kuli!^, 400. 

^Epiornis, 600. 

^Eguoi'idie (fossil), 150. 

^E^hna, 334. 

Acfomorphiv, 630. 

Agania, 550. 

Aganiidfp, 550. 

Agnporaia, 021. 

AgnopteruH, 0o7. 

Agouti, 755. 

Ai, 674. 

Air-bladder of Fishes, 475. 

Air-receptacles of Birds, 580 
Albatross, 004. 

Alva, 003. 

A Icedo, 029. 
ylto, 710. 

AtcUifV, 002. 

Alcippe, 291. 

Alcytmarla, 154; characters and division'^ 
of, 105; distribution of, in tiiac, ISO. 
Alcyonidm, 100, 180. 

Alcyonidiuni, 379. 

Alcyonimn, IGO, 

A U< into idea, 458. 

Allantois, 445, 458. 

Alligator, 655, 557, 558. 

Alpaca, 712. 

Alveolus (Bflemiiite), 430. 

Amber, insects preserved in, 3 1 1. 

And) ly rh y nch n x, 5 '»5. 

Amblyntoum, 517, 518. 

Airibiilacral sy.stem (Ecbinodennafa) 191 ,* 
of Echinoiden, 190, 197; of Star-Fi.shes, 
202 ; of Opliiuroidea, 200 ; of Crinoi- 
df(i, 208; of Ilolotliiiroidea, 219. 
Ameimi, 5.50. 

American Ouekoos, 620. 

American Vultures. 032. 

Ametabolic Insects, 342, 344, 345. 

A oiia, 489, 490, 493. 

AmiadtB, 492. 

Aminocmfes, 482. 

Amvwdytex, 480. 

A mmonites, 433, 434, 435, 436, 437. 
Ammonitidm, 433, 434, 436. 

Amnion, 445, 458. 

Amniota, 458 . 

A mncba, 19, 20, 61 ; structure of, 63 ; pseu- 
dopodia of, 04 ; reproduction of, ib, 
Ainoihea, 61, 62, 65. . 

A inoibina, 65. 

Amphibia, 457, 458, 459 ; general csiarac- 
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ters of, 609 ; development of, ih. et aeq. ; 
respiratory organs of, 510 ; orders of. 
513-524 ; distribution of, in time, 524 
A mphwcelia (Crocodilia), 558. 
Amphidiscs, 90. 

Arnphileetes. 663. 

A rnphimoschug, 722. 

Arnphinomidce, 267. 

AinphioxuHy 474, 477, 478. 

A mphipneusta, 515. 

Amphipoda, 283, 302; characters of, 303: 

heai't of, 803. 

Amphwbce'na, 545, 547. 

A mphisbcenid/p., 547. 

A mptdtherium, 653, GOO. 

Amphitragulv^, 722. 

Amphiunna, 512, 515, 617. 

Amplexus, 175. 

Ampullaria, 4')S, 416. 

Anacanthini, 486. 

Anaconda, 543. 

A nallnntoi/leay 458. 

Analogy, 23. 

A naiiininta, 458 . 

A narthropoda, 228, 254. 

A naa, 606. 

Anatidce, 605. 

Analinidoe, 404. 

Aiichitherium, 701. 702. 

A nctjloceiratt, 434, 435, 436. 

A ncylotherium, 078. 

Ancylus, 416. 

Aiidriaa, 517. 

Androphorea, 135. 

A nelasma, 286. 

Angelina, 208. 

Angler, 488. 

A vguillula, 247. 

Anguillulid<r, 247. 

A nguix, 545, 548. 

.\.ni, 620. 

Animals and Plants, differences between, 
13. 

A nisonema, 100 . 

Annelida, 228; eharactors of, 257: psen- 
doha-inal system of, 258; orders of, 2.50 ; 
idmsphoruscenceof, 101 : urtieating cells 
of, 108. 

A nmdata (.see A nnelUla). 

Annuloida, 100, 227. 

..I annloaa, characters and divisions of, 227. 
A noinia, 403. 

Annmodontia, 630, 563. 

A aonnira, 307, 300, 

A noplotMridne, 707, 722, 

A nnplofherinin, 707. 

.1 noplura, 345. 

A nnura, character.^ of, 518 ; development 
of, 520, 521 ; families of, 521, 522. 

Anser, 606. 

.1 merince, 605, 606. 

Ant-eaters, 672, 676, 677. 

A ntedon, 213, 215, 216. 

Antelopes, 718. 

.Vntonnjv, of Lobster, 281, 308 ; of Rhiznc4>- 
phala, 285, 280 ; of Cirripedes, 287, 289 ; 
of CUidocera, 295; of soo ; 

of Arachnida, 316 ; of Myriapoda^ 329; 
of PauropuH, 329, 331 ; of Insecta, 334. 
AnteMnulaHa, 124. 

.\ntenmiles of Lobster, 281, 308. 

Anthcfia, 167. 


Anthropoid Apes, 779 . 

Anthropoides^OlO. 

AnthvK, 627. 

Antilocapra, 718, 719. 

AntUopidee^ 718, 722. 

Antipathes, 158. 

Antipathidce, 157, 158, 180. 

Antlia, 337. 

Ant-lion, 351. 

AntroHtoimis, 629. 

Ants, 357, 358, communities of, 359; slave- 
making instincts of, 360 ; relations with 
plant-lice, 360. 

Apnteon, 525. 

ApatornUtf 636. 

Apes, 779. 

Aphanapteryx. 612. 

Aphanipterd, 353. 

Aqjftides^ 348 ; alleged parthenogenesis of, 
39. 

A2>his, 347. 

Aphis-lion, 351. 

Aphrocfilliates, 90. 

Aphrodite, 268, 270. 

ApidfE, 358. 

Apiocrinida\ 212. 

ApincriauH, 208, 223. 

Api4i, 358. 

Aplaeental Mammals, 65i, 656. 

Aplyaiadiy, 412. 

Apoda (Cirripedia), 283, 292; (Amphi- 
bia), 513; (Fiahcii), 485, 486. 
Apodemata, 279. 

A 2 Jorosa (CoT&la), 164, 

A 2>pendicA(laria, 383, 387. 

Aitsiltis, 249. 

Aptenodytes, 602. 

Aptera, 341, 344. 

A 2 >terygida\ 59(*, 508. 

Aideryx, 590, 596, 596, 507, 598. 

A pus, 41, 296, 297. 

Atiuiferous system (see Water - vascular 
system). 

A rachnactis, 155, 156, 180. 

Arachnida, 274,275; characters of, 314; 
.somite of, 315; organs of the month of, 
316; re.spiratoiy process of, 318 ; di.stri- 
butiuii of, in time, 327. 

Arainre, 621. 

Araneida, characters of, 325; webs of, 
326 ; distribution of, in time, 327. 
Arcadoi, 399, 403. 

Areella, 65. 

A rcellina, 65, 66, 72. 

A rchmocidaris, 200, 224. 

A rcha‘opteryx, 575, 593, 591, 633, 634. 

A rchegosanrm. .524. 

A rchitarhus, 327. 

Arehiteiithis, 435. 

Archiulidm, 332. 

A re.hiulus, 332. 

Aretirfis, 746. 

Arctisca, 320. 

A rctocebus, 774. 

Arctokiea, 739. 

Arctomys, 760. 

Arctonyx, 742. 

Arcfopitheci, 776 . 

Ardea, 610. 

A rdeidre, 610. 

Arenicola, 270. • 

Argonaiita, 419, 423; sliell 6f, 425, 426; 
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reproductive process of, 427; liectoco- 
tylus of, 424. 

ArgonautidcBf 427. 

Arijulu8^2%^, 

Aristotle’s Lantern, 198. 

Ark-shells, 403. 

Armadillos, 672, 675, 676, 680. 

Anns of Star-fishes, 203 ; of Ophiuroidea, 
206; of Crinoidea, 208; of Comaiula^ 
214 ; of Cystoidea, 217 ; of Brachiopoda^ 
390; of Cuttle-fishes, 419 ; of Nautilug, 
431, 432. 

Artemia, 41, 297. 

A rthrogastra, 324. 

Arthropoda, 228; characters and divisions 
of, 274. 

Articulatay 274. 

A rticulata (Brachiopoda)^ 393, 394. 

A rtiodactyla, 693, 702. 

Arnieolat 758. 

A aoaris, 245, 247. 

Ascidians, solitary, social, and compound, 
386. 

Ascidioida (see Tunicata). 

Aficocerag, 434. 

AseUuSt 305. 

AainuSi 700. 

Asiphonida (LainelUbranchiata^ 403. 
Agpidojihora, 378, 379. 

Agpidorhynchim, 493. 

AgplaiicJina, 251. 

As.s, 701. 

Astacust 307, 308. 

Astasia, 100, 101. 

Astetdadee, 205. 

Asterinidcs, 205. 

Asterocanthiidee, 205. 

Asteroid Polypes, 165. 

Asteroidea, 192; general characters of, 
201; families of, 205; distribution of, 
in space, 222 ; in time, 223. 
Asthemsoma, 200, 224. 

Astomata {Protozoa), 58. 

Astrosa, 16.3. 

Astroeuice, 164. 

Astrogonium, 224. 

Astropecten, 202, 223. 

Astropectinida\ 205. 

Astrophyton, 206. 

Astrorhiza, 69. 

Ateles, 777. 

Athecata, 114. 

Atherura, 755. 

AtlantidWf 414. 

Atolls, 181, 182. 

Atrial system {BracMopoda), 391. 

Atrium {Tunicata), 382. 

Atta, 360. 

Auchenia, 712. 

Auk, 602, 603. 

Aulopora, 165. 

Aurelia, 139, 144. 

Aurelia, 342. 

Aurlculana, 219 . 

Auriculidee, 415. 

Aurochs, 720. 

Autolytus, 269. 

Autophagi, 689. 

Aves, 458 ; general characters of, 571-592 ; 
feathers of, 572-574 ; vertebral column 
of, 574 ; beak of, 576 ; pectoral arch mid 
fore-limb of, 678 et seq. ; hind-limb of. 


581 et seq. ; foot of, 583 ; digestive sys- 
tem of, 683-586 ; respiratory system of, 
586 ; circulatory system of, 686, 588 ; 
nervous system and organs of sense of, 
689, 590; reproductive system of, 688; 
migrations of, 591 ; divisions of, 594- 
595; orders of, 595-636 ; distribution of, 
in time, 692 ; literature, 636. 

Avicularia, 374, 376, 377. 

Aviculidof, 403. 

Avocet, 608. 

Axinella, 84. 

Axolotl, 616, 516, 617. 

Aye-aye, 773. 

Azorica, 90. 

Baboon, 778, 779. 

Babyroussa, 706. 

Bacteria, 10, 44, 45, 47. 

Bactrites, 436. 

BacuUtes, 434, 436, 437. 

Badger, 742. 

Baloena, (585, 686, 687. 

Baloenidm, 685, 686, 692. 

Balcenoptera. 688. 

Balancers, 335, 354. 

Balanidm, 288, 289, 290, 291 ; distribution 
of, in time, 31:^. 

Balanoglossus, 241. 

Balanus, 287, 290, 291. 

Balatro, 249. 

Balearica, 610. 

Baleen, 685, (586, 687. 

Balistidm, 488. 

Banded Ant-eater, 667, 668. 

Bandicoot, 665, 666. 

Banxring, 770. 

Barbadoes Earth, 80. 

Barbel, 485. 

Barbets, 620, 622. 

Barnacles, 287, 288, 290. 

Barrier-reefs, 181, 182. 

Bascanum, 543. 

Basiliscus, 550. 

Bassaris, 741. 

Bathybim, 62. 

Bathycrinn-f, 213, 222, 

Bathyergus, Ibl. 

Bat ides, 598, 599. 

Batrachia, 518. 

Bats, 761 et seq. 

Beaked Rays, 500. 

Bear, 739, 740, 751. 

Bear-animalculc.s, 320. 

Beardeil Vulture, 632. 

Beaver, 75(5. 

Bed-bug, 349. 

Bee-eaters, 628, 629. 

Bee.s, parthenogenesis of, 40; communi- 
ties of, 358. 

Belemnites, structure of, 492, 430. 
Belemnitulce, 429, 437. 

Belinurus. 314. 

Bellerophina, 4io. 

Bcllerophon, 416. 

Belodon, 558. 

Beluga, 493. 

Benturong, 746. 

BerardivM, 691. 

Beroe, 179, 180. 

Beroidae. 179, 180. 

Bighorn Sheep, 720. 
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Ditnana, general charactera of, 736. 
Binomial nomenclature, 31. 

Biology, definition of, 1. 

Bioplaam, 8. 

Bipes, 545. 

Bipinnaria, 204. 

Bird-lice, 846. 

Bird's-head process, 373, 374. 

Birda of Paradise, 625. 

Birds of Prey (see Baptores). 

Birgus, 311. 

Bison, 721. 

Bittern, 610. 

Bivalve Shell-flsh, 396. 

Black Corals, 157. 

Black Snake, 543. 

Bladder, contractile, of Rotifera, 2.50. 
Blastoidea 192; general characters of, 
217 ; distribution of, in time, 223. 
Blastostylo, 123, 124. 

Blatta, 349. 

BlattidfK, 349, 350. 

Blenniidm, 488. 

Blind-worm, 548. 

Boa, 543. 

Boatbill, 610. 

Boat-fly, 349. 

Bolina, 180. 

Bornhido}, 359. 

Bonasa, 014. 

Bony Pike, 490, 492, 493. 

Book'Seorpion, 323. 

Bapyridft, 305. 

Bos, 720. 

Boschas, 60C. 

Botaurus, 610. 

Bot-flies, 355. 

Bothriocephahis, 231, 23-5. 

Botryllm, 381, 385, :{S6. 

Botirgtieticrin us, 212. 

BosiaoB, 718, 720. 

Bower-birds, 025. 

Box-slatera, 305. 

BrachioUiria, 204. 

Brack iopodii, 360, 307, 368, 3(1 general 
characters of, 3S8; shell of, 389; arms 
of, 390 ; atrial system of, 391 ; nervous 
system of, 392 ; divisions of, 393 ; di.s- 
tribution of, in space, 394; in time, iff . ; 
develojunent of, 393. 


Brachiuna, 284. 

Brachijmetopus, 314. 

Brachyura, 307 ; characters of, 311 ; 

velopuKjnt of, 312. 

Brachyurus, 777. 

Bracts (see Hydrojfhyllia), 132. 
Bradypodidic, 672, 673, 678. 

Brady pus, 673, 674. 

BramatMrium, 723. 


de- 


Branchcllion, 260, 262. 

Branchial arches (Fishes), 466, 472. 
Branchial hearts (Cuttle-fishes), 421. 
Branchial sac {Tunhata), 382, 383, 384, 
387 ; (Lancelet), 478. 

Branr.hiafn (^Afinclidd), 259. 

Bramhiata (Gastmpoda), 411 . 
Branchiata {V^rrtebrata), 458. 


Braiichifera, 411. 

Braiichiobdella, 262. 
Branchiogasteropoda, 407, 411. 
Branchiopoda, 283, 292, 294. 
Branghiostogal rays, 465, 466, 473. 


Bramhmtoma (see A mphioxus). 
Bramhipus, 296, 297. 

Brevilinguia, 547. 

Brevipennatvc, 601. 

Brill, 487. 

Brine-shrimp, 297, 

Brmnga, 205. 

Bmiivgidre, 205. 

Brittle-stars, 205. 

Brocket Deer, 716. 

Brontotheridee, G98, 099. 

Brontotherinm, 698. 

Bruta (see Edentata). 

Bryozoa (see Polyzna. 

Bubalus, 718, 721. 

Bubble-shells, 412. 

Bubo, 6.33. 

Buccinldce, 412. 

Buccinum, 400, 407, 111, 

Bucconiditt, 620, 622. 

Buceros, 624. 

Bucerotidu}, 624. 

Buffalo, 718, 721. 

Bu/o, 522. 

Bufonidcc, 521. 

Bulbus arteriosus, 473, 484, 492, 495, 
503. 

Bullffnch, 626. 

Bullidce, 412. 

Bull-frog, 522. 

Bumble-bees, 359. 

Bungarus, 543. 

Bunodonts, 703. 

Buprestidm, 302. 

Burying Beetles, 362. 

Bush-quails, 615. 

Bustards, 612. 

Butterflies, 3.37, 342, 355, .356. 

Buzzards, 632. 

By^ms {i)t LanielUbranchiata), 402, 40.3. 


Cachalot, 688. 

Caoomixle, 741. 

Caddis-flics, 351. 

Cadueibranchiata {Amphibia), 510, 511, 
517. 

Cicca, intestinal (of Birds), 586. 

Crt-ca, pylorii; (of Fishes), 474. 

CtecilUe, 512, 514, 515. 

Caiman, 557, 558. 

Cainotheriuni, 722. 

Cake-urchins, 200. 

Calainaries, 428, 429. 

CaUiWiichthys, 489, 493. 

Calcarea (Spi.)n«es), 88, 92, 9.j. 

Calcarina, 71, 76. 

Calceota, 171, 17.5. 

Calcisponyivc, 88, 92, 93. 

Calico (Corals). 100. 

Californian Vulture, 0.J3. 

Valigus, 284. 

Calling Crabs, 311. 

Calling Hares, 754. 

CaUiihrix, 777. 

Callograpfus, 150. 

CaUorhynchus, 497. 


tfuem, 200. , ion. 

tlyeopkoridif, 131 ; polypites of, 13.. , 
reprmluction of, 133 ; development of, 
ih ; distribution of, 150. 
ilyptoblastic Hydroids, 121. 
xlyptrmdd', 412. • • 
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Calyx (of Vorticella), 98 ; (of Crinoida), 

210 , 211 . 

Cainelidai, 651, 710, 711, 722. 
Carnehpardaltdce, 717, 722. 
Camelopardalis, 717. 

CameXus, 711, 712. 

Campanularia, 126. 

Campanularida, 112, 125 ; medusiform 
gonophorea of, 126. 

Campodea, .S45, 847. 

Canala, of Sponges, 8(5 ; of A Ici/onaria, 
166, 1(59; of Cfetiophora, 177, 178. 
Cancrowa, 610. 

CanidcB, 747, 748, 752. 

Canis, 747, 748. 

CautharidcB, 362. 

Canvass-back Duck, 606. 

Capitulum {Lepadider), 2S8, 290. 

Capra, 719, 720. 

Caprella, 308 
Capreolus, 714, 715, 716. 

Caprimulgidw, 628, 629. 

(^apucbin Monkcya, 777. 

Oapybara, 755. 

Carahidm, 362. 

Caracal, 751. 

Carapace, of Dijffhigia, 65 ; of A rccUa, ih. ; 
of Vngmwola, 09; of Crustacea, 279, 
305 ; of LoUster, 279, 307 ; of Crab, 311 ; 
ofChelonian Reptiles, 531, 534. 
Carcharias, 499. 

Careharodon, 506. 

Carcheshtm, 99. 

Cardiada‘, 403, 404. 

Carduelis. 626. 

Caribou, 716. 

Carinaria, 369, 414. 

Carinatce, 594, 600. 

Carnicora, general characters of, 734; 
divisions of, 735-751; distribution of, in 
time, 751, 752. 

Cai'i), 488. 

CaipDjthnga, 664. 

Carriage-spring aitparatus (Draehiojyoda), 
390. 

Carijocaris, 313. 

Canfopfnjttia, 160. 

Casiddiua, 305. 

Cassididhiidfe, 74. 

Cassis, 410. 

(^Jassowary, 590, 597, 598. 

Castor, 756. 

CastoridfB, 756, 760. 

Castoroides, 761. 

Casvariiis, 597. 

Catarhina, Til, 731, 736 
Cathartes, 633. 

Cathartidre, 631,632. 

CatodontUlfP, 685, OSS, 692. 

Cats, 74‘<, 750, 751. 

Cavia, loo. 

Cavicornia, 111. 

Ciiviidifj 155, 700. 

Cehidee, 776. 

CehuH, 111. 

CecMomyia, 355. 

Ceils, of Pnlyzoa. 873, 374. 

Cellulose in Ascidiana, 15, 381. 
Cement-gland of Cirripedes, 281, 289. 
Centetes, 760. 

Centetidee, 769, 771. 

Centipedes, 327, 329. 

Centrocercus, 614. 


Cephalaspis, 494, 505. 

Cephalobranchiata (see Tvbicola), 
Cephahphora (MoUvsea), 396. 

Cephalopoda, 367, 868, 369, 396 ; general 
characters of, 418; arms of, 419; funnel 
of, 420; ink-bag of, 421; mandibles of, 
ib. ; digestive system of, ib. ; braiichim 
of, ib. ; nervous system of, ib . ; rei)ro- 
' duction of, 422-424; skeleton of, 425, 
426; divisions of, 426-435; distribution 
of, in space, 435 ; in time, 435-437. 
Cephaloptera, 600. 

Ce]»halothorax, of Crustacea, 278; of ..4 r- 
achnida, 815. 

Cephaluna, 284. 

Cephea, 144. 

Cerastes, 542. 

Ceratiocaris, 313. 

Ceratites, 433, 437. 

Ceratodus, 490, 491, 500, 501, 602, 503, 607. 
Ceratophrys, 513. 

Cercocebus, 778. 

Cereolnbes, 75(t, 757. 

Cercolabidce, 756. 

Cercolepfes, 741. 

Cereupithecus, 778. 

Cere, of Birds, 584, 591. 

Cerianfhus, 155, 157, 189. 

Cerithiad(B, 412. 

Certhia, 627. 

Certhidre, 627. 

Ceroahr, 713, 722. 

Cervus, 715, 716. 

Ceryle, 629. 

Cestoidea (see Tamiada). 

Cestracion, 498, 505. 

Cestraphori, 498, 506. 

Cesium, 180. 

Cetacea, 640, 641, 642, 643, 645, 646, 650, 
651, 653, (»80 ; general characters of, 6H ; 
groups of, 685; distribution of, in time, 
692. 

Cefiosauriis, 558, 667. 

Cctneliilas, 294. 

Cetonia, 361. 

Chacina, 779. 

Clxeropntamvs, 722. 

Chtrropsis, 705. 

Chfvropus, 66(5. 

Claetodcnna, 25.5. 

Clurtfsjnatba, 254, 271. 

Chcetontdus, 249. 

CJurtophora, 259. 

Chale.ididiP, 547. 

Chalicomys, 760. 

Challe tiger ia, 73. 

Challengerida , 13. 

Cftamtjeleo, 552. 

ChomndeontidtB, .552. 

Chamidte, 403, 404. 

Chamois, 719. 

(Jhanncl-hill Cuckoo, 620. 

Charadriidvr, 012. 

Charadrius, 612. 

Cheese-mite, 321. 

Cheetah, 751. 

Che.ilmtomata, 379, 880. 

Cheiromydee, 113. 

CheiroTuys, 773, 774. 

Cheironectes, (566. 

Cheiroptera, general characters of, 761 ; 
divisions of, 763 ; distribution ^of, in 
time, 766. 
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Cheirotkerium, 523. 

^i^iBg-crab, 300; of Scorpion, 
817, 324; of Book-scorpioii, 322 
Chelicerw, 317. 

CheliehnuSt 536. 

ChelUer, 323. 

Cheliferidce, 822. 

Cheliferous Slaters, 305. 

Chelone^ 535 . 

Chelonia, general characters of, 530-535- 
subdivisions of, 535; distribution of, in’ 
time, 586. 

Cheloniidce, 635. 

Ckelo}iobatrachia (see Anoura^ 
Ckelydidve, 553. 

Chelydra, 536. 

Chevrotains, 711, 712. 

Chigoe, 353. 

Chilnyruitha, 330. 

Chilojxida, 329. 

Chirnoera, 496. 

Chiinc^ridoi, 497. 

Chimpanzee, 781. 

Chinchilla, 756. 

Chhichillulo', 756. 

Chirucephalufi, 290. 

Ghirodota, 221. 

Chirotes, 545, 547. 

Ghitun, 369. 

Ghitonidm, 412. 

ChlainydomuriM, 551. 

Chlamydotherm ui , 681 . 

Ghlamyphorwf, 676. 

Chlorophyll in animals, 15, 

Chold'pUH, 640, 672, 675. 
Chimdrapte.ryyidif, 477, 494. 
C}wndro8*eida\ 492, 493. 

Chmidrostem, 005. 

Chorda dorsalis {xi-e Notochord). 
Chrornatoi>liores, 419. 

Chry.salis, .342. 

Chrysaora, 141. 

Ch rysoch lori x, 7 67. 

Ghrysopa, 3.51, 

Chub, 4S5. 

C’hylaqueous canals {Mvihotcp), 128. 
Chylaqucous 11 aid, of J tot if era, 250; of 
Annelida, 258. 

Ohyliilc stomach of Insec.ts, 337. 
Chyme-mass oi Infusoria, 95, 

Cicada, 348. 

Cicindelida;, 302. 

Ciconia, 611. 

Ciconiiue, 611. 

Gidaris, 195 
Giliata (Infusoria), 95. 

Gimex, 349. 

('inclidos, 150. 

Giinolornis, 607. 

( 'irrhatulv-8, 268. 

Cirrhopoda (see Cirripedia). 

Cirripedia, 283; general characters of, 
287; development of, 288 ; shell of, 289, 
290 ; reproduction of, 291 ; divisions ol, 
291, 292 ; distribution of, in time, 313. 
Cirrostami (see Pharyngobranchii), 

Civet, 745. 

Gladocera, 283 ; characters of, 295. 
Gladochonus, 165. 

Clama tores, 613. 

Gtangula, 606. 

Classyication, 26. 


Clathrvlina, 8.3. 

Glamiella, 118, 

Vleodura, 417,418. 

Clepsine, 262. 

Climaroyraptm, 150. 

Cliona, 92. 

Clisinphyllum, 175. 

Clistenterata, 393. 

Clitellum, 263. 

Clotho, 542. 

Clupeidce, 455. 

Clymenia, 433. 

Clyjmaster, 194. 

Clytia, 126. 

Cnemiornis, 607. 

I'nidfe, 107. 

(.’oati, 741. 

Cobra, 543. 

Coccidft, 347, 348. 

Coccinellidtr, 362. 

Coccosteus, 494. . 505 . 

Coccothrnnstes, 626, 

Coccus, 34S. 

Cnccygus, 620. 

Cochliopiidinni, C5. 

Co(^katoo, 621. 

Cockle, 404. 

Cockroach, 349, 350. 

Cocoon, 343. 

Cod, 486. 

Codonelln, 95, 

Cudenterata, characters of, 105; thread- 
ccll.s of, 107 ; divisions of, lo8. 
Ccelotjevys, 765. 

Oenenchyma, 1C2. 

Cu-na-cium, 372, 374, 

CoMiosarc, 110; of Oceanic IJydrozoa, 
131 ; of Physalia, 135 ; of V<dc 'lla, 1.36. 
Ctvnarus, ‘235. 

Coleoptvra, 3:{5; mouth of, 336; charac- 
ters of, .361 ; sections of, 302. 

Colic Hihola, 346. 

Collocalia, 629. 

CoUosphrera, SO, 

Ctdlozouin, So. 

Colobvs, 777, 77S. 

Colossocliclys, 537. 

Coluber, 513. 

Cnlubrina, 543. 

C<iliig(i, 770. 

Colamha, 614, CIO, Cl7. 

Columhacci, 613, 016, 

Colinnbahe, 617. 

Columella, of Corals, 161 ; of the shells of 
Gasteropoda, 410. 

Column, oi Actinidee, 154. 

ColymbaUe, 603. 

Calynibvs, 603. 

Comarwystites, 217. 

Comastcr, 216. 

Cnmafula, 213, 214, 215, 216, 222, 223. 
Compsognathus, 567. 

Conchfcolites, 271. 

Concllifera, (see LamelUbranchiato). 
Condor, 633. 

Condylura, 767. 

ConidtP, 412. 

Conirostres, 624. 

Conodonts, 504, 505. 

Conosmilia, 175, 186. 

Contractile vesicle, of ’Protozoa, .57; of 
Amoeba, 64 ; of Para moecium, 96. 
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Conularia, 41S. 

Coot, 609. 

Copepodat 283 ; characters of, 294. 
Cophobelemnon, 168. 

Coral (see Corallum). 

Coral-reefs, 181 et seq. 

Coral-snakes, 543. 

Corallistes, 90. 

Corallite, 163. 

Corallium^ 169, 170. 

Corallum, 163, 167, 158, 162, 166, 167, 169, 
170, 173. 

C&rdylophora, 114; gonophoros of, 116; 

distribution of, 149. 

Cormorant, 604. 

Cornulites, 271. 

Cortical layer, of Infusoria, 95, 96; of 
Noctiluea, 101. 

Corvidce, 624. 

Conm, 115, 118. 

Corynida, 112; charactora of, 114; repro- 
duction of, 115; types of, 120; devel- 
opment of, 118; distribution of, 149. 
Corymoides, 150. 

Coryoifiorpha, 120. 

Coryphodon, 694. 

Coryphodontidae, 693, 694. 

Cossus, 357. 

Cotumix, 614. 

Coypu, 756. 

Cow Bunting, 020. 

Cowries, 412. 

Crab- Lobsters, 311. 

Crahmnidce, 358. 

Cracidce, 615. 

Crane, 610. 

Crane-fly, 354, 355. 

Craiiia, 389, 390, 395. , 

Craniadm, 391, 395. 

Craspeda, 156. 

Crax, 615. 

Creepers, 027. 

Crex, 609. 

Cribella, 205. 

Cricetus, 758. 

Criekets, 350. 

Cri noidea, 192 ; general eliaraotor.s of, 
207 et seq . ; distribution of, in space, 
222 ; in time, 223. 

Crwceras, 434, 435, 436. 

Cristafella, 874. 

Cristellaridea, 74. 

Crocidura, 768. 

Crocodilia, 527, 528, 529, 530; general 
characters of, 555 ; divisions of, 557. 
Crocodilus, 556, 558. 

Crop of Insects, 337 ; of Birds, 585. 
Crossarchus, 746. 

Cross-bill, 626. 

Crossopterygidee, 491, 492, 493, 

Crossopus, 768. 

Crotalidce, 540, 541, 542. 

Crotalus, 639, 641, 542. 

Crotophaga, 620. 

Crows G25 

Cruatt of Crustacea, 275; of Trilobitcs, 297. 
Crustacea, 228, 274; general characters of, 
275 et seq.; morphology of atypical Crus- 
. tacean, 276 et seq.; divisions of, 283 ; dis- 
tribution of, in space, 312 ; in time, 313. 
Cryptohrnnehus, 617, 624. 

Cryptbhelia, 174. 


Cryptoniscus, SO.l, 

Cryptophialns, 291. 

Cryptoprocta, 746. 

Cryptostegia, 74. 

Crystalline stylet, 400. 

Ctenacanthus, 606. 

Cteuocyst, 178. 

Ctemdipterini (Dipnoi), 503, 507. 
Ctenodiseus, 202. 

Ctenodus, 603, 507. 

Ctenoid scales of Ashes, 461, 487. 
Ctenomys, 756, 

Ctenophora, 154 ; c-haracters of, 176 ; 
homologies of, 178; divisions of, 18u; 
distribution of, 181. 

Cteiioplioral canals, 177, 179. 

Ctenophoros, 177. 

Ctempty chilis, 506. 

Ctenostoinata, 371, 379. 

Cuckoo, 620. 

Cuculidce, 619, 620. 

Cucumaria, 221. 

CuUcidce, 354, 355. 

Cultirostres, 609. 

Citnina, 130. 

Cupularia, 374. 

Curassow, 615. 

Curlew, 611. 

Cursores, characters of, 595, 596; distii- 
bution of, ill time, 598. 

Cuscus, 659. 

Cuticle, of Amoeha, 63; of Infusoria, 95 
Cuttle-bone, 425, 429. 

Cuttle-fishes, 418, 419, 420, 421, 423, 424, 
425, 420, 428. 

Cuvieria, 417, 418. 

Cyamus, 303. 

Cyanea, 141, 144. 

Cyafhaxonia, 175. 

Cyathaxonidiv, 175, 185. 

Cyathophyliidee, 175, 187 
Cyathophyllum, 175. 

CycladUlce, 403, 404. 

Cyclas, 401. 

Cyclobranchiata, 412. 

Cyclodits, 547. 

Cycloid scales of ll.shes, 461. 
Cyclolabridoe, 488. 

Cyclojihthalmus, 327. 

CyclopoUlca, 277. 

Cyclops, 293, 294. 

Uyclostomata(rolyzoa), 379, 380 ; (Fishes). 
479. 

Cyclostomi (Fishes), 479. 

Cyclostom idee ( Gaste ropoda), 415. 
Cyclothurus, 677. 

Cydippe, 176. 

Cygnidee, 605, 606. 

Cggnus, 606. 

Cymothoa, 305. 

Cynmlurus, 751. 

Cynipidoe, 358. 

Cynocephalus, 778, 779. 

Cynodictis, 752. 

Cynodraco, 568. 

Cynogale, 746. 

Cynomys, 760. 

Cynopithecus, 779. 

CyproeidoB, 412. 

Cypridina, 293. 

Cyprinidetf (Molliisca), 403, 404; (Fishes), 
485. , 
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Cypris, 29.‘J. 

Cypsdidm^ 629. 

Cyrtoceras, 434, 436. 

CurtoliteSy 416. 

Cyaticerci, 230, 233, 23^ 235. 

Cystic Worms, 230, 233, 234, 235. 
CystiphyUidfe^ 175, 185. 

CuHtiphyllunit 174, 175. 

Cystoidm, 192 ; general characters of, 216 ; 

distribution of, in time, 223. 

Cythere, 293. 
dytherea, 397. 

Dacelo, 629. 

DactyletJo'a, 521. 

Dactylocalyx, 80, OO. 

OactylopteniSt 408. 

Dajiiat 606. 

Dakosaurus, 558. 

Danuit 716. 

DciphnicL, 293, 295. 

Darter, 605. 

Darwinian tlieory, IS. 

Dmomis, 59S. 

Dasypodidat, 072, 675. 

Dasyprocta, 735. 

Dmyproctidoi, 755. 

DasypuK, 676. 

Oasyurm, 67, 668. 

Dawaomlla, 410. 

Death-adder, 542. 

/>ca2>oda(Cr^^s•^ac(’a), 306; distnhiitm^ 
intinuj, 314 ; (Cephalopoda), 419,427, 428. 
Decollated shells, 370. 

Deer, 713-716. 

JJegeeria, 345, 340. . 

l)eino8(tiiria (see Di nosauna)- 
DeAnotherium, 728, 732. 

Delphinidce, 689, 692. 
nelphinuSf 689, 690. 

Demodex, 821, 322. 

Dendroccela, '1^0. 

Dendroyraptiis, 144, loO. 

Dcmlrohyrax, 728. 

DendrolaguK, 663. 

Dendrophyllla, 159. 

Deiidrostyle, 142. 

Dental formula, 649, (»o0. 

Dentalidce, 412. 

Dentalium, 409. 

DentiroatreUt 024, 626. 

Derrias, 779. 

Desman, 708. 

&rp”"en“’ 'U Ketrogr^do. 43 ; of 
“ Gregannidw, 60 

of 

Phii»i>pl>nrida!, 185 ; “f 
of iLJernarida. 139; ot A . 

of Pleurobrachia, 178 ; of Jxluniider 
,mta, 191 ; otEchMwkUa. m of 
nldea, 204 ; of Ophmro^a. m . oi 

Conmtula, 216 ; otJMothuroidta,il9.o! 
iWnnida 232 ; of Trematodat 237, 238 , 
of JfeVMrtida. S41 ; of Ma»op(osw«. 

; of Acanthocephalat 243, of rri- 
phimt ‘246 • of the Guinea-worm, io. , 
of Oephyrea, 250 ; of 
of Tubicolar Annelides, 26o ; of brrant 
Annelides, 269; of Cruiftacea, 277; ol 
Ichthyophthirat 284 ; of Ithizocephala, 


286 ; of Cirripedia, 288 ; of Ostracoda, 

293 ; of Copepoda, 294 ; of Phyllopoda, 

296 ; of Limvlus, 300 ; of Impoda, 804, 

305 ; of A mphipoda, 304 ; ui Stoinapoda , 

306; of Macrura, 307; of Ammvra, 

310 ; of Brachyura, 312 ; of Arachnida, 

819; of My riapoda, '629 \ of frweeta, 341 
etsieq.; of Pohjzoa, 378; of Tunicata, 

384; of Brachiopodit, 393; of LamelU- 
branchiata, 402 ; of Qanteropoda, 408 ; 
of A mphibia, 509 et tseq. 

Dextral shells, 370. 

DiaphopJtorodon, 72. 

Dibranchiata (Cephahpoda), characters 
of, 426; divisions of, 427-4.S0; distribu- 
tion of, in space, 435 ; in time, 437. 
THeeratherhnti, 694, 695, 721. 

Dicoiwdon, 699. 

Dicoryne, 115, 118. 

Dicotylea, 703, 707. 

Dicrocerus, 722. 

Dictyocynta, 95. 

Dietyoncma, 150. 

Dkymdon, 563. 

DijcymdoatAa, 5G8. 

Dicystidea, 69. 

DkUlphia, 655. 

Didelphidve, 659, 665, 666, 670. 

Didelphys, 666, 667. 

DididfP, 617. 

Didunetdidee, 617. 

Didunculufi, 617. 

Didus, 617, 618. 

DUiyowgraptus, 150, 151. 

Difflagia, 65. 

Dtgitigmda, 736, 742. 

Duiiorphodoii, 665. 

Dimyaria, 402. 

Dinoeeras, 723, 724, 725. 

J)inocetcUa, 723. 

Ditwphh, 545. 

/>inorn»X 599, 600. 

Pinornithida;, 599. ^ 

Dinosaui'ia, 565, SCO, 567. 

JXomedea, 604 . 

Diphasia, 122, 123. 

Diphyeercal tail (d’ Fishes, 409. 

Diphyes, 133, 134. 

Diphyo/odids, 133. 

Diplacanthiiis, 505. 

Diplograptua, 146, 150. 

'general characters 
seq . .’ distribution of, m time, 507. 
Pipodidee, 759, 760. 

Pipodomya, 757. 

Piprotodun, 670. 

-month of. 33T; char- 

aoters of, 354. 

Pipteriot, 503, 507. 

Pipv.it, 759. 

Piaciiia, 389, 395. 

PiacAnidftt, 394, 395. 

Piscorbina, 68 , < 0 . 

Dissepiments of Corals, 101. 

Distal, 110. 

DSntS'geograpW™'. 50 ; hathyu.c- 
trical, 52 ; geological, u3. 
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DUhyrocariSy 314. 

Diver, 603. 

Djiggetai, 701. 

Docophonw, 845. 

Dodo, 617, 618. 

Dog, 748. 

Dog-fishes, 497, 498, 499. 

Doliolurn, 383, 387. 

Dolphins, 689. 

Donkey, 701. 

Dorcatheriumy 722. 

Dor idee, 413. 

Doris, 413. 

Dormice, 759. 

Dorsal vessel of Insects, 338. 
Dorsihrmichiata (see Errant ia). 
Dorfilaiinus, 247. 

Draco, 551, 565. 

Dracunculus, 245, 246. 

Dragon-flies, 351. 

Dreinotherium, 722. 

Dromoeognathoe, 578. 

Dromceornis, 600. 

Drornaixis, .596. 

Dromatherium, 669. 

Dromedary, 712. 

Dromia, 811. 

Drgopithecus, 782. 

Duck, 605, 606. 

Duck-mole, 041, 043, 648, 656, 657. 
Dugong, 680, 681, 082, 683. 

Dytisvidee, 343, 362. 

Eagle, 632. 

Eagle-ray.s, 500. 

Earthworm, 263. 

Earwig, 350. 

Echidna, 643, 648, 652, 656, 657, 668, 659. 
Echimgs, 766. 

Echinococci, 2.35, 236. 

Echinodermnta, 21 ; general eliaraiders 
of, 190; develoiHiient of, 191; divisions 
of, 192 ; (ILstributionof, in time, 22'2€t,seq. 
Echinodon, .554. 

Echiiuddca, characters of, 103; test of, 
ih. ; ambulacral system of, 196; iligest- 
ive system of, 198; divisions of, 200; 
di.stributioii of, in space, 222; in time, 
224. 

Echinops, 7G9. 

Echinorhynchns, 243. 

Echinothxiria, 200. 

Echinothuridee, 193, 209. 

EcfiinuK, 1P2, 19.5. 

Echiurna, 255, 256. 

Ectocyst, 374. 

Ectoderm, 107. 

Ectosarc, 63. 

Edaphodxin, 497, 607, 

Edentata, 643, 651 ; general characters of, 
672 ; distribution of, in time, 678. 
EdrU)jihthalmata, 302. 

Edwardsia, 155, 156, 157, 180. 

Eels, 486. 

Elapina, 642. 

Elaps, 643. 

Eider-duck, 606. 

Elasmobranchii, characters of, 404 et 
seq. ; divisions of, 496-500 ; position of, 
in the scale of Fishes, 500 ; distribution 
of, in time, 504, 505. 

ElasntJbduSy 497, 507. 


Elaphurus, 717. 

Elasmognathns, 698. 

Elateridce, 362. 

Electric Eel, 4S6, 487. 

Electric Ray, 499. 

Elephant, 651, 728, 729, 730, 781, 733. 
Elephant-seal, 738. 

Elephant-shrew, 770. 

Elephas, 729, 730, 733. 

Elk, 716. 

Elysiadce,*41^. 

Elytra, of Aphrodite, 270 ; ol Coleoptcra, 
335, 361. 

Eniballonnridte, 764, 

Emeu, 595, 596, 597. 

Eniydidas, 535, 537. 

Emydium, 321. 

Einys, 532. 

Elnaliosauria, 560. 

Encephala (Mollusca), 396, 405. 

Enerhms, 223. 

Endocyst, 874. 

Endoderm, 107. 

Endopodite, 280. 

Endosarc, 63. 

Endostyle, 382. 

Enhydris, 745. 

Eiitomophaga, 665. 

Entomostraca, 283 ; characters of, 292 ; 

divisions of, 292. 

Entosolenia, 69. 

Eiitozoa, 229. 

Eocidaris, 200, 224. 

EJocystites, 223. 

EohippuSy 702. 

Eophrymts, 327. 

Eosanras, 569. 

Eoscorpius, 327. 

Eosjdiora, 251. 

Eoiherimn, 683. 

Eozohn, 76. 

EphenierUhe, 351. 

Ephyra, 140. 

Kpicriuni, 515. 

Eitidcrmis (of the shell of Mollusca), 369. 
Epimera, 279. 

Epipoditc, 281. 

Ejiipodium, 406; of Pteropoda, 416; ot 
Cephalo 2 )oda , 420. 

Epi.sterna, 279, 

Epistomo, 376. 

Epixtylis, 99. 

Epizoa, 283. 

EquUim, 699, 700, 702. 

Eqwis, 700, 701, 702. 

Erethizon, 755. 

Erichthys, 306. 

EJriculus, 769. 

Erinaceidee, 769, 771. 

Erinacevs, 771. 

Ermine, 743. 

Errantia, 259; characters of, 266; gem- 
mation of, 269 ; development of, ib. ; 
di.stribution of, in time, 271. 
Eschscholtzia, 180. 

Esocidat, 485. 

Estheria, 296, 297. 

Eucecryp?ialu8, 78. 

Eucharis, 180. 

Eudendrium, 120. 

Euglena, 100, 101, 

Evglypha, 73. 
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Eunice, 271. 

Eunicea, 271. 

Euplectella, 90. 

Eupiexoptem, 350. 

Euproiips, 314. 

Eupmmmidce, 164. 

Euryale, 206. 

Euryalidm, 207. 

Eurypterida, 301; distribution of, in time. 
314. 

Eurypterus, 302, 314. 

Eury^toumta, 180. 

Exoccetus, 468. 

Exopodite, 280. 

Extracrinus, 223. 

Facial suture of Tnlobites, 209. 
Falcntiuhje, 631, 632. 

Fallow-deer, 716. 

Fttu-corul, 170. 

Farrea, 90. 

Faooattidte, 164, 185. 

FavoKitex, 165. 

Feathers (stiiictuve of),, 572-574. 
Feather-star, 213. 

FclUla\ 734. 

Fnlisy 734. 

FenGHtella, 3S0. 

Ferte, 734. 

PciTet, 743. 

Field-hu^% 349. 

Field-mouse, 757. 

Filaria, 246. 

Pilo-lishcs, 488. 

Filopluuuv, 574. 

Firndie.s, (525, 626. 

Kiuner-whal(!s, 688. 

Firolidfe, 414. 

Fmilinyma, 547. 

Pis,siou, 33; of corals, 164. 

Einxiroxtres, (524, 628. 

FimirelUda', 412. 

Flagella, 57, 100. 

Flayelldta (I nfimria), 99. 

Flainiiigo, 6 (j6.' 

Flat-llshes, 402, 487. 

Flea, 3.53. 

Plesh-tly, 355. 

Float of PhysophnriiUv, 134, 

Fhxciihtria, 248, 251. 

Flukes (Suctorial worms), 237, 238. 
Flmtra, 33, 372, 373, 374. 

Fly-catchi^rs, 626. 

Flying Dragon, 551. 

Flying Fish, 468. 

Flying Gurnard, 468. 

Flying Lemur, 770. 

Flying Phalanger, 665. 

Flying Squirrel, 760, 

Food of aninmls and plants, 16. 
Food-vaeuolcs, 64, 97. 

Foot, of Roti/era, 249 : of Lamellihmn- 
chiata, 402 : of Gasteropoda, 405 ; of 
llderopoda, 414 ; of Pteropoda, 416 ; of 
Cephalopoda, 420. 

Foot-jaws, of Lobster, 281 ; of Centipede.?, 
330. 

Foraniinifera, sarcode of, 66 : pseudo- 
podia of, 67 ; test of, 68 ; unilocular ami 
multilocular, 69 : stolons of, 70 ; classifl- 
eation of, 73 ; distribution of, in 8i>acc 
and ^ine, 75, 76. 


Forest-hug, 349. 

Forest-dy, 355, 

Forficula, 336. 

ForficuUdee, 350. 

Formicidie, 35S, 359, 

Fowl, 615. 

Fox, 748. 

Fox-bat.s, 765. 

FratwoUnuH, 614. 

Fmtermila, 60:i. 

Fredericella, 379. 

Fresh-water Mus.sels, 40:?. 

Fresh-water Shriiii]», 364. 

Frigate-bird, 604. 

Frill lizard, 550. 

FrinyiUa, 626, 

Frinyillidn', 625. 

Fiinging-vcefs, 181, 182, 184, 

Frog, 600, 518, 519, 620, 521; 522; develop- 
ment of, .520, 521. 

Fruyivora (Bats), 763, 765. 

Fulgora, 348. 

Falicn, 609. 

Fidigula, 606. 

Fuhguliiuv, 606. 

Functions, specialisation of, 19 et sey. 
Fvngidiv., 164. 

Funiculus of Polyzoa, 377, 37S, 

Funnel, of Ctenophom, 177 ; of Ceplialo- 
poda, 420. 

Furculum, 579. 

Fiisulina, 76. 

Fusus, 413. 

Gad-fly, 355. 

(T((di<t<e,iS^. 

Galago, 775. 

Guleoverdo, 506. 

Galeodes, 317, 
flalenpitheridce, 770. 

Galeopithccns, 77o, 771. 

Galexfex, 6.54. 669. 

Galethglax, 752. 

Galictis, 742. 

Gall-flies, 358. 

Gallinaeei, 613, 614. 

Gollhiev, 612. 

Galliaula, 600. 

Galiiwasp, 549. 

Gallns, 615. 

Galle.ywnrui, 330 
Ganntmnis, 301. 

Gana'iidiv, :t22. 

Gaune.t, 604. 

Canodax, 507. 

Ganoid seales of Fishes, 462, 4v8S, 490. 
Ganoldn, characters of, 4S9-492 ; division.? 
of, 492-494; distribution of, in time, 501, 
505. 

Garden-mite.s, 322. 

Gare-fowl, 6(>3. 

GarruUiKe, 625. 

Gasteropoda, 367, 36s, 369, 396; gencial 
charactera of, 405; foot of, 405, 40»>; odoi;- 
tophore of, 407 ; circulatory and resjii- 
r.atory organs of, 407 ; embryo of, 408 ; 
shell of, 409; divisions of, 411-415; distri- 
bution of, in space and in time, 415, 410. 
Oa^trobraiichm, 482. 

Gast.roch(enid(p, 404. 

Gastrofricha, 249. 

Gastnila, 118. 
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liavial, 557. 

Gaviulis, 558. 

Gccarcinvs, 311, 312. 

Gecko, 547, 652. 

Geckotidfe, 651. 

Geese, 605, 606. 

Gelasimus, 311. 

Gemitores, 613, 616. 

Gemination, continuous and disoontinu- 
ous, 33, 34 ; internal, 35 ; of Vitrticella, 
08; of Hydra, 11.3; of in edu si form gon- 
ojiliores, 130; of Naididce, 264; of Er- 
rant Anneli(le.s, 269; of Tunicata, 386. 
Gemniules of Spongilla, 90. 

Generation, spontaneous, 43. 

Generations, alternation of, 35; of Sal- 
pians, 386. 

Genette, 746. 

Geocorisce, 349. 

Geogale, 769. 

Geographical distribution, 50. 

Geological distribution, 53. 

Geoinyjf, 757. 

Geophilus, 330. 

Georychiifi, 717. 

Gephgrea, 254, 255. 

Gerbilhtft, 759. 

Geryonuice, 130. 

Giant Clam, 404. 

Gibbon, 780, 781. 

Giraffe, 717. 

Gi/y-ard, of Insects, 337 ; of Birds, 584. 
Glabella, 299. 

Gladiua (Cuttlc-ilsho.s), 425, 429. 

Glareola, 612. 

Glass-rope, 90. 

Glass-shrimp, 808. 

Glass-snake, 548. 

Glires (see Rodentia). 

Globe-fishes, 488. 

Glohicephahig, 690. 

Glohigerina, 68, 75. 

Glohiger inula, 74. 

Glomeridcp, 830. 

Glossothermw, 680. 

Glow-worm, 362. 

Glutton, 742. 

Glyptodon, 676, 670. 

GlyptolepU, 505. 

Giiat, 855. 

Goat, 719, 720. 

Goat-sucker, 628, 620. 

Gobiidoe, 488. 

Goodwit, 611. 

Golden-eye, 606. 

Golden Mole, 767. 

Gonangium, 122, 

Goniantcr, 203, 205, 223. 

Goniatites, 433, 436. 

Goniodiscus, 224. 

Gonlophyllum, 174. 

Gonoblastidia, 118. 

Gonocalyx, structure of, 116. 

GoDophores, 115; iiiedusiform, 116, 117, 
118 , 126 , 128 , 180 . 

Gonosome, 111. 

Gonotheca, 115, 122. 

Gopher, 757. 

Gordiacea, 229, 242 ; characters of, 243. 
GordhiH, 244. 

Gnrgonidce, 166 ; characters of, 169 ; dis- 
tribution of, in space, 180 ; in time, 185. 


Gorilla, 780, 781. 

Gouridee, 617. 

Graculamis, 667. 

Grallatores, 695 ; characters of, 607, 608 ; 
families of, 608-012; distribution of, in 
time, 612. 

Grampus, 690. , 

Gramtfocrinus. 217. 

Grantia, 85, 88. 

Graphularia, 185. 

Oraptolites, 145. 

GrapfolUidce, characters of, 144 ; distri- 
bution of, in time, 160. 

Grasshoppers, 350. 

Gravigrada, 678. 

Great Ant-eater, 676. 

Great Armadillo, 675. 

Grebe, 603. 

Green Lizard, 549. 

Green Turtle, 535. 

Greenland Whale, 680, 687. 

Gregarina, 58, 60. 

Gregarinidas, 58 ; reproduction of, 60. 
Gri^thidCit, 314. 

Gri.son, 742. 

Gromia, 66, 67, 69, 72. 

Groiiuda, 73. 

Grosbeak, 626. 

Ground-beetles, 362. 

Ground-pigeons, 617. 

Grouse, 614. 

Growth, 5 ; comdation of, 24. 

Gruidee, 610. 

GrvA. 610. 

Gryllido', 350. 

Guard of Belem nitc, 430. 

Guillemot, 603. 

Guinea-fowl, 614. 

Guinea-pig, 755. 

Guinea-worm, 246. 

Gull, 603. 

Gulo, 742, 

Gurnard, 488. 

Gmjnia, 173, 181, 185. 

Gymnoblastic Hydroids, 114, 115. 
Gymnochroa, 112. 

OymnodontidcB, 488. 

Gymnolminata, 378, 379. 

Gymnophiona, 613. 

Gymnophthalmata {Medmidne), 117, 127, 
*128, 144. 

Gymnosomata, 417. 

Gymnotus, 485, 486. 

Gymnura, 770. 

Gynophores, 135. 

Gypaetos, 632. 

Gypogcranklm, 631, 633. 

Gypogeranus, 633. 

Gypsornw, 612. 

Gyracanthus, 506. 

Gyrinidce. 362. 

Gyroceras, 434. 

Haddock, 486. 

Utematocrya, 458 . 

Ilcematopus, 612. 

IJcenmfotherma, 468. 

Ilcemopsis, 262. 

Hag-fishes, 479, 480, 481, 482. 

Ilahneia, 166. 

Hair-worms, 243. 

Ilalcyornis, 630. 
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Halihut, 487. 

Ilalichondria, 87. 

JIalUore, 681, 682. 

IlaliMnma, 79. 

IJaliotidoi, 412. 

IJalisarca, 87. 

Halithermm, 640, 680, 684. 

Halteres, 88r), 354. 

Ilamitcs, 436, 437. 

Hamster, 758. 

TJapale, 776. 

Jlapalulce-y 796. 

Haplophyllia, 173, 181, 185. 

Hares, 754. 

Harlequin-snakes, 540. 

Ilarpagornla, 633. 

IJartea, 166. 

Harvest-men, 322. 

Harvest-ticks, ,322. 

Hatteria, 553, 554. 

Hawks, 632. 

Hawk's-bill Turtle, 635, 536. 
Heart-urchins, 200. 

Hectocotyliis, 424. 

Hedgehog, 769. 

Helarctoa, 740. 

Helianthoid Polypes, 154. 

JlelicidcB, 415. 

UelioUtes, 172, 185. 

HeHophylluvi, 176. 

Heliopom. 170, 171, 181. 

JIelioporid<r, 160, 170, 181, 185. 

Hdiozoa, 77, 81. 

Jlelladotherium, 717, 722. 

Tfclodcnna, 550. 

Hemelytra, 335, 348. 

JJcuiimetahola {Itm-cta), 341, .344, 347. 
Jf^miptera, 835, 337 ; chara(;ters ot, .347 ; 

divisions, 348. 
lleuierobiidcp, 351. 

Hoptatrema, 482. 

Hermit-crab, 310, 

Heron, 610. 

Herpentes, 746. 

Herring, 486. 

Hcuperornin, 634, 635. 

Hessian Fly, 355. 

Ihieroeern, 356. 

Ilcterocercal tail of Fishes, 469, 470, 471. 
Hetcrogeny, 43, 44. 

IfHeroiiiafttix, 100 . 

Ileteromera, 362. 

Hct4’ro7ierefii, 269, 

HeterophagU 689. 

Iletcrophrgs^ 82. 

Ileteropoda, 406, 408 ; charaelevs of, 413 ; 
shell of, 414 ; divisions of, tb. ; distri- 
bution of, in time, 416. 

Ueteroptera, 348. 

Jlexacorallay 1.54. 

Jl<>xactinellidfef 89, 90. 

Tlexaprotodon, 722. 

Iti'xarthray 251. 

II imantopxut, 612, 

JUjtparwn, 701, 702. 

HippoboscidCB, 355. 

Hippocampidee, 488. 

Hippocrei)ian Polyzna, 375. 
llippopotamid^, 704. 

Jl ippopotamus, 704. 

Hippuritidee, 403, 404. 

If iri^linea, general characters of, 260. 


Hirnndinidrp, 628, 629. 

Ilnloccphali, 496, 507. 

TIolocystbi, 175, 185. 

Jfol-oinetahola (Innecta), 342, 344, 353, 
JfoloptychhLit, 505. 

IJolopus, 212, 222. 

IJolodomata (Gasteropoda). 410, 411 412 
416. 

Ilolothuria, 219, 222. 

Holothuroidea, 192, 193; characters of, 
218; sub-orders of, 221 ; distribution of 
in space, 222 ; in time, 224. 

Jloinanis, 278. 

JlomOf 782. 

Homocercal tails of F’isljcs, 469,470,471,483. 
Homology, 23 ; serial, ib. 

Homomorphism, 23. 

Jloxnoptem, 348. 

Honey-badger, 742. 

Honey-bear, 740. 

Honey-eater, 627, 628. 

Honey-gnide, 620. 

Hooded Snake, 543. 

Hoopoe, 627. 

II oplocvphahts, 543. 

Hormiphom, 18U. 

Horn-bill, 624. 

Horned Ray, 500. 

Horned Viper, 542. 

Hornet, 368. 

Horse, 644, 045, 700, 701. 

Horse-mussel, 403, 

Horse-shoe Crabs, 300. 

Ilouse-ily, 355. 

Howling Monkey, 777. 

Humming-birds, 627. 

Humj»-backetl Whales, 088. 

Hunting-dog, 748. 

Ilycena, 746, 747, 752. 

IlycpnarctoH, 751. 

IlymnklWy 746, 751. 

IlycenodoHy 752. 

HytenodonfideVy 752, 

Jlyalen, 417, 418. 

Ilyaloiuma, 90. 

Hyalosphenia, 05. 

JJifboduHy 498. 

Hydatids, 236, 236. 
llydatinea, 251. 

Hydra, 34, 108, 109; structure of, 112; 
reproduction of, 113; thread -cells of, 
107; development of, 114; distribution 
t.f, 140. 

Ilydrachna, 321. 
lltidraehnUlcp, 322. 

Hydractmia, 36, 115, 118, 120, 121, 150. 
Hydra-tuba, 37, 130, 140. 
ffydruia, 112. 

Hydrocanlus, 122. 

Hydrochcerus, 755. 

JlydrocoralliHoe, 111, 145, 150, 151. 
HydrocoriscB, 349. 

Hydrocysts, 135. 

IlydroBcium, 133. 

Hydroid Zoophytes (see Ilydrmda). 
IJydroidn, characters and divisions Of, 
111; reproduction of, 110*116; distin- 
guished from Pohjzoa, 371, 372. 
Hydromediisidce, 127. 

IfydroinetiUy 349. 

JJydrophitloi, 541, 643. 
llydrophilidce, 362, • 
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Hydrophyllla, 132. 

Hydropotea, 713, 717. 

Hydrorhiza, 110. 

HydrosauruSt 550. 

Hydroaoma, 110. 

Hydrotheca, 122. 

Hydrozoa, 106, 108; characters of, 109; 
terminology of, 110 ; divisions of, 111 ; 
reproduction of, 115-119; Oceanic, 131 ; 
distribution of, in space and time, 149- 
161. 

Hyla, 510, 622. 

IlylidcB, 522. 

Hylobatea, 780. 

Hylodesy 511, 521. 

Ilymenocariny 313. 

Hymenoptera, 335, 340, 343, 344 ; charac- 
ters of, 356. 

ITyocrinus, 213, 222. 

Hyoid arch (Pishes), 465, 466. 
Ilyperodnpedoriy 554. 

Ilyperobdoriy 691. 

Jlypohuthiun, 387. 
llypoehthmiy 516. 

Hypostoine of Trilobites, 297. 
ITypsiprymnns, 662, 664. 

IlyracoUlea, general characters of, 727. 
Ilyrax, 641, 727, 728. 

IlystricidoBy 755, 760. 

Ilystrix, 755. 

Ibis, 611. 

Ichneumon, 746. 

Ichneumonidoi, 858. 

Ichthyodorulites, 486, 495, 506. 
Ichthf/omorphay 515. 

Ichthyophthira, 283, 28 1. 

Ichthyopsida, 469. 

Ichthyoplerygia, 530 ; characters of, 559. 
TchthyornUi, 571,636. 

Ichthyomuria, 559. 

Ichthyosaurus, 559, 500, 561. 

IctMherium, 751. 

Idothea, 305. 

Tdyia, 180. 

Iguana, 546, 550, 

Iguanidm, 550. 

Immw)don, 567. 
llyanthidce, 156. 
liyanihus, 166, 157. 

Imago, 341, 34.3. 

Irnperforata {Foraminifera), 66, 73. 
Tmplacentalia {Mammalia)^ 654. 
Inarticulafa (Brachiopoda)^ 393, 394. 
Indicatory 620. 

Individuality, general definition of, 34. 
Indris, 775. 

Infusoria, spontaneous generation of, 44, 
46 ; charaiders of,* 94 ; divisions of, 95 ; 
Ciliated, ih.; Suctorial, 99 ; Flagellate, 
99 ; compared with Rotifera, 252. 

Inia, 690. 
f noperculata, 415. 

Inorganic and organic matter, differences 
between, 2-6. 

Insecta, 274, 275 ; general characters of, 
333 et scq. ; organs of the mouth of, 336 ; 
wings of, 336 ; digestive system of, 337 ; 
tracheee of, 339; circulation of, 838; me- 
tamorphoses of, 841; parthenogenesis 
of, 38 et seq.; sexes of, 841 ; orders of, 
844 et seq. ; distribution of, in time, 344. 


Insectivora, general characters of, 766; 
families of, 766-770 ; distribution of, in 
time, 771 ; (Bats). 763. 

Jnsessoresy 595; characters of, 622; sec- 
tions of, 624. 

Integro-pallialia, 401, 403. 

Inuus, 778. 

Invertebrata, general characters of, 444. 
Irish Elk, 716. 

Irregular Echinoids, 197, 200. 

Ischiodus, 497, 507. 
fsU, 169, 18.5. 

Isopoda, 283, 302 ; characters of, 304 ; de- 
velopment of, 304, 305 ; distribution 
of, in time, 314. 

Itch-mite, 321. 
tulidee, 330. 
lulus, 330. 

Ixodes, 822. 
ixodidee, 322. 

Jacana, 609. 

Jackals, 747, 748. 

Jaguar, 750. 

Jelly-fishes, 127; urtieating powers of, 
127 ; nature of, 130 ; former classifica- 
tion of, 127. 

.Terboa, 759. 

Jumping-hare, 759. 

Jumping- mouse, 759. 

Kakat>o, 621. 

Kangaroo, 659, 662, 003. 

Kangaroo-bear, 664. 

Kangaroo-rat, 062, 663. 

Kerutode, 87. 

Keratosa (Sponges), 87. 

Keyhole Limpets, 412. 

King-crabs, 300. 

Kingfi-shers, 628, 629. 

King Vulture, 633. 

Kinkajon, 741, 742. 

Kiwi, 598. 

Kuala, 664, 

Koleops, 243. 

Koodoo, 719. 

Labyrinthodon, 523, 524. 
Lahyrinthodontia, 512, 522, 523, 524. 
Lacerta, 549. 

Lacertidm, 549. 

Laeertilia, 530 ; general charaiders of, 
545 ; families of, 547-554 ; distribution 
of, in time, 654. 

Lady-birds, 362. 

Lcenwdipoda, 283, 302 ; characters of, 303. 
Layena, 68, 69. 

Lagenida, 74. 

Lagkliurn, 7.56. 

Lagomyder, 754, 760. 

Lagornys, 754. 

Lagopus, 614. 

Lagostoinus, 756. 

Lamellibranchiata, 366, 367, 368 ; general 
characters of, 396 ; shells of, S97, 398 ; 
digestive system of, 399 ; circulatory 
system of, 400 ; mantle of, 399; bran- 
chisB of, 400 ; reproduction of, 402 ; 
muscles of, ib. ; habits of, 403 ; divi- 
sions of, ib. ; distributiqii of, in time, 
404. 

Lamelllcorn Beetles, 862. 
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iMimUiroatrcB^ OOd. 

Lammergeyer, 632. 

Lamprey, 473, 479, 480, 481, 482. 

Ijamp-shells, 388. 

LampyriSf 362. 

Lancelot, 462, 474, 477 ; anatomy of, 478, 
479. 

Land-crabs, 311, 312. 

Land-salamanders, 518. 

Land-tortoises, 636. 

LmiidcB, 626, 627. 

Lantern-fly, 348. 

Laomedea, 126. 

Lanrniit 607. 

haridcB, 603. 

Lark, 625. 

Larva, of EchirMdenmta, 191, 192 ; of 
Echinoidea, 200 ; of AsUroidea^ 204 ; 
of Ophiuroidea, 206 ; of Crinoidea, 215 ; 
of holothuroidea, 219; of Tmniada, 
232 ; of Trematoda, 237 : of Netmriidat 
241; of Acanthocephala, 243; of Oor- 
diacea^ 244 ; of Gcphyrea, 256 : of 
Tubicola., 265 ; of Errantia^ 269 ; of 
Ichthyophthira^ 284 ; of Rhizocephala^ 
286 ; of Cirripedia^ 288 ; of OatracMda, 
293 ; of Copepoda, 294 ; of Cladocera, 
295; of P/iyllojwda, 296; <^f LimuluH, 
300 ; of Maerura^ 307 ; of Brachyura^ 
312 ; 0 ^ yfynapoda^ 329 ; of hmeta, 841, 
342 ; of Polyzoa, 378 ; of Tuaicataf 884, 
385 ; of Brachiopoda, 393 ; of LainelU’ 
branchiata^ 402 ; of Gasteropoda, 408; 
of Amphibians, 509, 510, 511, 514, 517, 
518, 520. 

Latlstcrnal Apes, 779. 

LaurillardiM, 629. 

Leathery Turtle, 535. 

Leech, 260 et seq. 

Leiodemnatium, 90. 

Lemming, 758. 

Lemur, 775. 

Lemuravidm, 782 

Lemuraous, 782. 

Lemuridoe., 774, 775 

Leopard, 750. 

Lepadidae, 288 ; characters of, 290 ; dis- 
tribution of, in time, 313. 

Lepas, 287, 288, 290. 

Lepidechinus, 200, 224. 

Lepidogamidei, 492, 505. 

Lepidoptera, 835, 340, 343, 344; mouth 
of, 337 ; characters of, 355. 

Lepidoairen, 474, 500, 501, 502, 503 ; char- 
acters of, 500, 501. 

Lepidoateidixi, 492. 

Lepidoateus, 462, 489, 490, 492, 493. 

Lepidota (see Dipnoi). 

Lepidurua, 296. 

Lepisma, 347. 

Leporidee, 754, 760. 

Leptuica, 322. 

Leptocardia (see Pharyngobramhii). 

Leptogloasa, 547. 

LepvSf 754. 

Lemasa, 43, 284, 2S5. 

Leakia, 198. 

Leatoaaurus, 555. 

Lemeuria, 180. 

Libellula, 334. 

Libellulidce, 351. 

Life, ni^ure and conditions of, 7-13. 


Ligia, 305. 

Ligula, 337. 

Liniacidce, 415. 

Limaeina, 400. 

Limacinido!, 417. 

Litnapontia, 412. 

Limax, 360, 415. 

LltnicolcB, 263. 

Limnadia, 41, 296. 

Ijirmtoea, 416. 

Limnaeidce, 415. 

Limnoria, 805. 

LimnothericUe, 782. 

Lhmaa, 611. 

Limpet, 412. 

Limulua, SCO, 301, 314. 

Lingua (Insects), 337. 

Lingual Ribbon (see Odontophore). 
Linguatulma, 320. 

Lingula, 388, 389, 890, 393, 395. 

Limjulidae, 394, 395. 

Linnets, 626. 

Lion, 734. 

Lithistidof; 89, 99. 

Lithobius, 328, 330. 

Lithocysts, 137. 

Lithodomus, 403. 

Lithornis, 633. 

Lithostrotion, 175. 

Littorina, 412, 
fjUtorimdce, 412. 

Lituites, 434. 

Lituolida, 73. 

Liver-fluke, 238. 

Living bodies, c.liarac.ters of, ’*-7. 

Lizards, 527, 530, 545, 546. 

Llama, 711, 712, 722. 

Lobster, morphology of, 277 et seq. ; gen- 
eral anatomy of, 307 et seq. 

Lob-worm, 270. 

Loemtidee, 350. 

Locust-shrimp, 306, 

Lfiggerhead Turtle, 533, 534, 535. 

LoUgo, 428, 429. 

Lonyicomia, 362. 

Longipennatce, «03. 

Longirostres, 611 
Lonsdaleia, 103, 175. 

Ijoon, 603. 

Lophiidoe, 488. 

Lophiodon, 722. 

Lopkobranchii, 488 
liophophore, 375, 376, 

Lophopsittacus, 621. 

Lophopua, 374, 376. 
lAfpliortyx, 614. 

Lophotragua, 713. 

Lophyropoda, 283, 292. 

Loricata, 528. 

Lorikeet, 621. 

Loria, 774. 

Loriua, 621. 

Jjouse, 345. 
liOve-bird, 621. 

Loxiadee, 626. 

Loxoaoma, 379. 

Lucemaria, 137, 138. 

Lucemariadee, 187. 

/Aicemarida, 37. Ill ; general cMracters 
of, 137 ; umbrella of, 137, 141 ; divisions 
of, 137; development of, 189; structure 
of reproductive zoblds of, 141, 142.# 

G 
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Lucinidce, 403, 404. 

Luidittf 202, 228. 

Lumbrieidcef 262. 

Lumbricus, 263. 

Lutra, 744, 745, 

Lyoaon^ 748. 

Lyeoaauras, 568. 

Lyncutt, 761. 

Lynx, 761. 

Mac(tcii8^ 778. 

M*Andrewia, 90. 

Macaw, 621. 

Macellodon, 554. 

MackairoduSf 762. 

Machetes, 611. 

Mackerel, 488. 

Machirea, 416. 

Macrauchenia, 699. 

Macrawhenidce, 699. 

Macrobiotidee, 320. 

Macrodactyli, 6U8. 

Macropodidce, 662. 

Macropus, 662. 

Macroscelidce, 770. 

Macroscelides, 770. 

Macrotherium, 678. 

Macrnra, 283 ; characters of, 307 et seq. 
Mactridce, 404. 

Madreporaria, 158. 

MadrepoHdm, 164. 

Madreporifonii tubercle, of Kchimidea, 
195, 196 ; ot Asteroidea, 202 ; of Ophiu^ 
roidea, 206 ; of Ilolothuroidea, 220. 
Afaia, 310, 811. 

Atakrospondylus, 558. 

Malacoderniata {Zoantharia), 154. 
Malacopteri, 485. 

Malacoplerygii, 477, 483. 

Malacostraca, 283, 302. 

Malapterurus, 485, 486. 

Mallard, 606. 

Mallophaga, 345. 

Malpighian tubes, of Insects, 338. 
Maminalm, 458, 459; general characters 
of, 639; osteology of, 640 ct scq.; teeth 
of, 648 et seq. ; digestive system of, 650 ; 
circulatory system of, ib. ; rcapiratury 
system of, 651 ; nervous system of, 652 ; 
reproductive system of, 651 ; integu- 
mentary system of, 652; primary divi- 
sions of, 664 ; orders of, 656 et seq. ; dis- 
tribution of, in time, 653 et seq. 
Mammoth, 731, 733. 

Manatee, 640, 680, 681, 682. 

Manatidce, 681. 

Manatus, 640, 681, 682. 

Mandibles, of Lobster, 281 ; of A rachnida, 
316; of Myriapoda, 330; of Insecta, 
336; of Cephalopoda, 421; of Verte- 
brates, 450. 

Mandrill, 779. 

Mangue, 746. 

Manidoe, 677. 

Mania, 648, 652, 673, 677. 

Mantis, 350. 

Mantle, of Tttnicata, 381 ; ot Brachiopoda, 
390 ; of Lamellibranehiata, 399 ; of Gas- 
teropoda, 405 ; of Cephalopoda, 419 ; of 
Nautilus, 431. 

Manubrium, 116, 117, 118, 128, 141. 
Marab 9 ut, 611. 


Mareca, 606. 

Marginal bodies, of Medusos, 129 ; of Lu- 
cemairida, 137. 

Marmoset, 776. 

Marmot, 760. 

Marsipobranchii, general characters of, 
479-481 ; families of, 482 ; distribution 
of, in time, 504. 

Marsupial bones, 655. 

Marsupialia, general characters of, 659; 
families of, 661 et seq, ; distribution of, 
in space, 659 ; in time, 668 et seq. 
Marsupites, 223. 

Martens, 744. 

Martins, 628. 

Mastax, 249. 

Mastodon, 728, 731, 732, 733. 

Maxillm, of Lobster, 281 ; of Arachnid a, 
316 ; of Insecta, 336. 

Maxillipedes, of Lobster, 281 ; of Centi- 
pedes, 830. 

May-flies, 351. 

Mazonia, 327. 

Meandrina, 164. 

Measles, of Pig, 234 ; of Ox, 235. 
Medttsidee, 112 ; structure of, 127, 12S; 

exact nature of, 130. 

Megacerops, 699. 

Megaceros, 716. 

Megacheiroptera, 765. 

Megadernm, 764. 

Megalonyx, 679. 

Afegalosaurus, 567. 

Megalotes, 748. 

Megalotrocha, 248. 

Megapodidm, 615. 

Megaptera, 688. 

Megatherium, 679. 

Melania, 416. 

Melaniada’, 412, 415. 

Meleagrinm, 614. 

Meleagris, 614, 618. 

Metes, 742. 

Melicerta, 248. 250, 251. 

Melidce, 742, 74.3. 

Aleliphagidce, 627. 

MelUvora, 742. 

Melolontha, 361. 

Melonites, 201, 224. 

Melursus, 740. 

Meiubrana nictitaiis, of Birds, 590 ; of 
Mammals, 652. 

Menobranchus, 512, 515, 517. 

Mennpoma, 515, 617. 

Mentum, 337. 

Mephitis, 742, 744. 

Mergalvs, 603. 

Meriotu‘,s, 759. 

Aferopidee, 629. 

Merostomata, 283 ; characters and di\ i- 
sions of, 299. 

Merulid.ee, 627. 

Mesenteries, of Actinozoa, 152, 155, 160, 
165, 175, 179. 

Mesohippus, 7u2. 

Mesophdon, 691. 

Mesopodium, 406, 414. 

Mesothorax, 335. 

Metamorphosis, 42 ; of Alyriapoda, 329 : 
of Insecta, 341 ; incomplete, ib. ; com- 
plete, 842. * 

Metapodium, 400, 414, 416. 
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Metasoraa, 419. 

Metathorax, 835. 

Metriophyllum, 176, 185. 

Mice, 767. 

MicrooheiropUraj 763. 

Microconchus, 271. 

Mioroqromiay 72. 

MicroUsteSy 653, 668. 

Midas, 776. 

Midge, 356. 

Miliola, 68 , 60. 

Miliolida, 73, 74. 

Millepedes, 327, 830. 

MUlepora, 146, 147, 150, 151. 

Mimicry, 24. 

Mink, 743. 

Minnow, 485. 

Minyas, 155, 180. 

Miooasileus, 699. 

Miohipjms, 701, 702. 

Mites, 320, 321. 

Mnemia, 180. 

Moa, 599. 600. 

Mole, 766, 767. 

Mole-cricket, 350. 

Mole-rat, 757. 

Mollusca, general characters of, 366-370; 
digestive .system of, 366 ; circulatory 
.system of, 367 ; respirator)* organs of, 
ib. ; nervous system of, 368 ; sense-or- 
gans of, ib. ; reproduction of, ib. ; slicll 
of. 369 ; divisions of, 370. 

Mollmca Proper, 370 ; characters of, 396; 
divisions of, ib. 

MoUuscoida, 370 ; characters and divisions 
of, 371 et seq. 

Moloch, 550. 

Molothrus, 620. 

Molpadia, 221 . 

Moinotvs, 629. 

Monads, 44, 45. 

Monera, characters of, 61, 62, 100, 101. 
Monitor, 547, 550. 

Monkeys (see Quadrumana). 
Monocystklea, 59. 

Motwdelphia, 655. 

Monodon, 690. 

Monographis, 145. 

Monoincrosomata, 320. 

'Monomyaria, 402. 

Monothaiamia, 69. 

Monotrernata, 641, 642, 643, 652, 655 ; gen- 
eral characters of, 656 ; distributi<m of, 
in space, 667 ; in time, 659. 

Mo2>sea, 169, 185. 

Moropiis, 678. 

Morotherium, 678. 

Morphology, 18. 

Morse, 738. 

Mosasauridee, 554, 555 
Momsaurus, 554. 

Moschidee, 713. 

Mosehus, 713, 716. 

Mosquitoes, 355. 

Motaeillinm, 627. 

Mother-of-pearl, 309. 

Moths, 342, 355, 356. 

Motmots, 629. 

Moufflon, 720. 

Mound-birds, 015. 

Moving tUaments of Needham, 422. 
Mud-ee^ 516. 


Mud-fish, 474, 475, 500. 

Mud-turtles, 535. 

Mud-worms, 263, 264. 

Mugilidat, 488. 

Mullet, 488. 

Multi valve shells, 869, 409, 411 
Muntjak, 711, 715, 716. 

MurcenidcB, 485. 

MuricidcB, 412. 

Muridof, 757. 

Mu8, 757. 

Muscicapidae, 626. 

Muftcidaty 355. 

Musk-deer, 713, 716. 

Musk-ox, 721. 

Musk-rat, 768. 

MusopJuigidat, 620, 622 
Mussel, 403. 

Mmtcla, 743. 

Mustelidas, 743, 751 
MutUata, 680. 

Mya, 399, 400, 403. 

MyaeivUe, 404. 

Mycetes, 777. 

Myetrria, 611 
MydauH, 742. 

Mygalkhv, 325. 

Myliobatis, 500. 

Mylodoii, 679. 

Myodes, 768. 

Myogalc, 768. 

Myogalido', 768. 

Myoqmtamus, 756. 

Myoxid(V, 759. 

Myoxus, 759 . 

Myriapoda, 228, 274, 275; general charac- 
ters of, 327 ; development of, 32,9 ; dis- 
tribution of, in time, 332. 

Myrtn,C4;obius, 653, 667. 

Myrtmr.ophaga, 648, 670. 
Myrntecvphagulfjp, 676, 680. 

Myrmelfo, .338. 

M yrmeleontidce, 351. 

Mysis, ,306. 

MytUidee, 403. 

MytUtiH, 403. 

Mtfxine, 480, 481, 482. 

M)fxini(hv,, 479, 482. 

Myxinoids, 475. 

MyxobrnrJtin, 78. 

M yxodictipm, 01. 

MyxosqM^ngite, 87. 


'facreons shells, 309. 

Vatdidtv, 263, 264. 

Vais, 264. 

Vaja, 541, 542, 543. 

Narwhal, 089, 690. 

Nasiia, 741. 

Natatores, 595; general characters of, 600 ; 
famiUea of, 001-606 ; distribution of, in 
time, 606. 

NaticUics, 412. 

Natural selection, 49. 

Nauplius, 285. 

Nautactis, 155, 180. 

Hautilidcp, 43.3, 434, 436. 

Naiitiloid Foraminifera , 70. 

Nautilus (Pearly), 410, 420 ,421, 425. 420, 
430, 431, 434, 435, 436. 

Nebalh, 296, 297. 

Necrophorus, 362. • 
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Nectocalyces, structure of, 128 ; in Caly- 
eophoridoe, 182 ; in Medusidce, 128 ; dis- 
tinguished from the umbrella of the 
Lucemarida^ 137. 

Nectosac, 128. 

Needham, moving filaments of, 422. 
XeTnatelmia, 229 ; chai-acters of, 242. 
Nematocysts, 107. 

yematoda, 229, 242 ; characters of, 244 ; 
parasitic forms of, 245 ; free forms of, 
247. 

Nematophores, 124. 

Nemertes, 241. 

Xemertida, 230, 219 ; characters of, 240 ; 

development of, 241. 
yeolimuluSf 314. 

Neophron^ 332. 

Xepa, 348, 349. 

Nephthys, 270. 

Nereids, 270. 

Nereidea, 266. 

Nereis^ 269. 

NeritivUXt 412. 

Nervure8,.335. 

Nesodon, 727. 
yentoTf 621. 

Neuropodium, 257, 267. 

Xeuroptera^ 835, 344 ; characters of, 
350. 

Newts, 611,517. 

Nidamental ribbon, 368. 

Night Heron, 610. 
yoctilionidce, 764. 

Xoctiluca, 100. 

XodoBaria, 68, 70. 

Xonionina, 67. 

XothosauruSf 562. 

Notidamis, 506. 

Notochord, 446. 
yotommatina, 251. 

Notonectat 349. 

Notopodium, 257, 267. 

Xotornis, 609. 

Nototrem^i, 511. 

Nucleohranchiata (see ffeteropoda). 
Nucleolus of ParamoRcium, 97. 

Nucleus, of Protozoa^ 56 ; of Gregarina^ 
58 ; of Amwbaf 64 ; of l7\funoria, 95, 96 ; 
of Vorticella, 98 ; of the shell of Mol- 
lu8ca, 369. 

yiidihranchiata, 369; characters of, 412, 
413. 

ywmeniu<i^ 611. 

Numida, 614. 
yummulhia,1iy 72, 77. 

Nummulitic limestone, 77. 
y ummulitideaf 74. 
yutheteg^ 554. 
yutria, 746. 

JSiyetereuteSy 748. 
yycteridoB^ 764. 
yTycteris, 764. 

NycticehidcZy 774. 
yyeticehuSf 774. 
yycticorax, 610. 
yyetipUheeus^ 777. 

Nymph, 841. 

Nympfion, 319. 

OceanaetUt 155, 180. 

Oceanic Hydrozoa^ 131 ; distribution of, 
in space, 150. 


Ocelli, of Medmas, 129 ; of Bchlnoidea, 
195 ; of Asteroideat 204 ; of Planarida, 
240 ; of Rotifera, 251 ; of A nnetUta, 259 ; 
of Chcetognatha, 272 ; of Limulm^ 800 ; 
otArachnida^ 319 ; of Myriapoda, 3i9 ; 
of Ineecta, 840 ; of Tunicata, 883 ; of 
fjamellibranchiata, 368 : of Gastero- 
poda, 406. 

Octacnemue, 887. 

Octodon, 766. 

Oetodontidce, 756, 760. 

Octopoda, 427. 

Octopodidce, 427. 

Octopus, 423, 435. 

OcutinidcB, 164. 

Ocydromus, 612. 

Ocypoda, 311. 

Odontaspis, 506. 

Odontoceti, 685, 688. 

OdMitolcm, 634. 

Odontophora, 396, 405. 

Odontophore, 396, 4n5, 407, 417, 421. 
Odontopteryx, 583, 607. 

Odontomithes, 584, 594, 634. 
Odontotormce, 634. 

(Kdicnemus, 612. 

(Edipoda, 860. 

Oidemia, 606. 

Oldhatnia, 150, 380. 

Oligochteta, 262, 26.3. 

Oligoporus, 201, 224. 

Otmuvora (Ungulata), 704. 

Omphyma, 175. 

Onager, 701. 

Onchuna, 284. 

Otvchus, 5o5. 

OmidiadoB, 415. 

OncinolabMce, 221. 

OnUctts, 305. 

Ontogenesis, 22. 

Onycnophora, 329, 331, 332. 
OnycJwteuthis, 419, 43.5. 

Oocyst, 375. 

Operculata, 415. 

Operculum, of Balanidce, 289 ; of Gaster- 
opoda, 406 ; of Fishes, 464. 
Ophideipeton, 523. 

Ophidia, 530 ; general character.s of, 537 
et seq,; divisions of, 541 ; distribution 
of, in time, 544. 

Ophidobatrachia, 513. 

Ophiocoma, 207. 

Ophioinorpha, 51.3. 

Ophisaunis, 548. 

Ophiura, 207. 

Ophiuridee, 2(>7. 

Ophiuroulea, 192 ; general characters of, 
206 ; families of, 207 ; distribution of, 
in space, 222 ; In time, 224. 
Opisthobranchiata, 411, 412, 416. 
OpUthocaslia {Crocodiliu), .557, 558. 
Opisthodelphys, 622. 

Opossum, 664, 666. 

Opossum-shrimp, 3n6. 

Orang-utan, 780, 781. 

Orbitoides, 77. 

OrbitulUidea, 74, 

Orca, 690. 

Orcella, 690. 

Oreaster, 224. 

Oreastridw, 205. 

Oreodon, 708. f 
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OreodontidoB^ 707, 722. 

Organ of Bojanus, 392, 401. 

Organ-pipe Corale, 167. 

Organic and inorganic matter, differences 
between, 2. 

Organa of the mouth of Insects, 386 et 
seq. 

Oribatidae, 322. 

Orlote, 627. 

Ornithodelphia, 656. 

OmithorhynchuSf 648, 652, 655, 656, 657, 
658. 

Omithosauria, 563, 565. 

Orohippm^ 701, 702. 

Orthoceras, 434, 436. 

OrthoceratidcBt 436. 

Orthoptera^ 336, 340, 344 ; characters of, 
349. 

Ortonia, 271. 

Ortyx, 614. 

OrycteropidcB^ 677. 

OrycteropUH, 673, 677, 678. 

Oscula, of Sponges, 83, 87 ; of Taricworm, 
231, 283. 

Osteol&pis^ 491, 505. 

Ostraewntidoi^ 488. 

Odtracoda, 2S3 ; characters of, 293 ; dis- 
tribution of, in time, 313. 

Ontracostei^ 402, 449, 505. 

Ostrea^ 403. 

Ostreidee, 403. 

Ostrich, 577, 578, 681, 583, 594, 595, 596. 
Ostrich (American), 696. 

OtariadcBt 736, 737, 738. 

Otidee, 612. 

Otter, 744. 

Oudenodon, 563. 

Ounce, 751. 

Ovarian vesicles o( Sertularida, 122, 123. 
Ovibos, 721. 

Ovicells (Polyzoa), 375. 

OvidcB, 718, 719, 723. 

Ovipositor, 336, 357, 358. 

Ovis, 720. 

Ovulitidea, 74. 

Owls, 630, 63 i. 

Oxen, 720, 721. 

OxyuriSf 245, 246. 

Paca, 755. 

Pachycardia, 478. 

Pachydermata^ 692. 

Pachyglossa, 547. 

Paddlo-flsh, 494. 

Paguridoe, 310 . 

Pagunis, 310. 

Palceaster^ 223. 

PalcBchimiBy 200, 224. 

Palceichthyes, 503. 

PalcBocastor, 760. 

Palceocaris, 314. 

Palceocorym, 150. 

Palroocrinoids, 210, 223. 

PaUpodiftcuft, 223. 

Palceogithalm, 629. 

PalcBonyctu, 761. 

PaloBophis, 544, 645. 

Palceortyx, 618. 

Palceosiren, 524. 

Palceotheridce, 699. 

PaloBotheriwn, 699. 

PaUroiringa, 612. 


Palamedea, 609. 

PalapteryXt 599. 

Palinurus, 307. 

Palllal line, 399, 401. 

Pallial sinus, 401. 

Palliohrancniata, 888. 

Pallium (see Mantle). 

Palmipedes, 600. 

Paludieella, 376, 879. 

Paludina, 416. 

Paludinidce, 412, 415. 

Palythoa, 157. 

Pamphagus, 65. 

Panda, 741. 

Pangolin, 677. 

PanorpidoB, 351. 

Punspermy, 45. 

Panther, 760. 

Pantopoda, 819. 

Paper Nautilus {see Argonaut). 
Paradiseidee, 625. 

Paradoxurus, 746. 

Paramcecium, structure of, 95-97 ; repn- 
ductiou of, 97. 

Paramuricea, 174. 

Parapodia, 257. 

Paridee, 626. 627. 

Parkeria, 76. 

Parra, 609. 

Parrakeets, 621. 

Parrots, 676, 580, 583, 686, 619, 620. 
Parthenogenesis, 38 et seq. 

Partridge, 614. 

Pasceolus, 388. 

Passeres, 622. 

Patella, 409. 

Patelliace, 412. 

Pauropoda, 329, 330. 

Patiropus, 327, 328, 329, 330, 331. 

Pavo, 615. 

Pavonaria, 168. 

Pavoninoe, 614 
Peachia, 164, 155, 157. 

Pea-fowl, 615. 

Pear-encrinites, 212, 223. 

Pearl-mussels, 403. 

Pearly Nautilus, 420, 421, 425, 426, 430 ; 
anatomy of, 431 ; distribution in space, 
435. 

Peccary, 707, 

Pecten, 403. 

Peetinaria, 265, 266. 

Pectinatella, 374. 

PecHinculus, 397. 

Pedation, 251. 


Pedetes, 759 . 

Pedicellariai, 196, 202. 

Pcdicellina, 376, 379 
Pediculus, 345, 346. 

Pedipalpi, 323. 

Pelagia, 138 

Pelagidce, 137, 138, 130; structure of 
generative zoOids of, 1 41. 
Peladonemertidce, 242. 

Pelias, 539. 541. 

Pelican, 604. 

Pelicanidce, 604. 

Pelonam, 369, 387. 

Peltogaster, 286. 

Pen of Cuttle-fishes, 425, 429. 

PeneiLs, 307. 

Peneroplidea, 74. 
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Pengruin, 674, 687, 601, 602. 

Peniculus, 284. 

Pmnatula^ 167, 168. 

Pennatulidce, 166, 167, 169, 180 ; distribu- 
tion of, in time, 185. 

Pentacrinus, 212, 213, 222, 228. 

Pentacta^ 220. 

Pentamera (Coleoptera), 362. 
PentameridcB^ 804. 

Pentiistoma, 820. 

Pent(Mtfnnida, 320. 

Pentatoma, 349. • 

PentremiteSt 217, 218, 223. 

Pera7neleit, 663. 

Peramelidait 665. 

Peraneina, 100. 

Peratherium, 670. 

Perctty 463, 468, 484. 

Perch, 484, 488. 

Perchers, 622. 

Percidoe, 488. 

Perdicidce, 614. 

Perdix, 614. 

PerennibrayicMata (Amphibia), 610, 611, 
515, 516, 517. 

Perforata (Foraminifera), 66, 73 ; (Corals^ 
164, 185. 

Pericardium, of Crustacea, 282 ; of Nauti- 
lus, 432. 

Peridinium, 100, 102. 

Perigastric space of Polyzoa, 376. 
Periostracum, .360. 

Peri'patus, 329, 831, 332. 
Perischoechinidce, 200, 224. 
Perissodactyla, 693. 

Peristome, of Vorticella, 98 ; of the shell 
of Gasteropoda^, 410. 

Peristomial space of Actinia, 156. 
Peritoneum (Tunicata), 3S2. 

Perivisceral space of Actinozoa, 151, 152. 
Periwinkle, 412. 

Perlidce, 351. 

Perodicticus, 774. 

Peromela, 513. 

Petalodus, 506. 

Petawnts, 664. 

Petraster, 223. 

Petrel, 603. 

Petrogale, 663, 

Petromyzon, 480, 482. 

Petromyzonidce, 479, 482. 

Pezoj)haps, 618. 

Pezoporinoe, 621. 

Phacochoerus, 707. 

PhfB7\icopteTridae, 006. 

Phcenicopterus, 606. 

Phaeton, 604. 

Phalacrocorax, 604. 

Phalcena, 342. 

Phalangers, 665. 

Phalangidoe, 822. 

Phalangista, 665. 

Phalangislidoet 665. 

Phalangiumf 328 . 

Phalansterium, 93, 100. 

Phanogenia, 216. 

Pharyngobranchii, 477, 504. 
Pharyngogruithi, 488. 

Pharynx, of Ascidians, 382, 384, 386 ; of 
Lancelot, 471, 478. 

Phaacolarotos, 664. 

Phasdblomys, 661. 


Phaseolosoma, 256. 

Phascolotherium, 653, 669. 

PhOiSianidoB, 614. 

Phasianus, 614. 

Phasmidce, 840, 350. 

Pheasant, 614. 

Phillipsia, 314. 

Phaca, 737, 738. 

Phocmna, 689, 690. 

PhocidoB, 737. 

Pholadidce, 369, 404. 

Pholas, 396, 403. 

Phormosoma, 200, 224. 

Phoronis, 266. 

Phosphorescence of the sea, 101. 
Phragmacone, 369 ; of Spirula, 429 ; c)t 
Belemnite, 430. 

Phryganeidan, 351. 

Phrynus, 325. 

Phylactolcamata, 378, 379. 

PhylUdiadO!, 412. 

PhyUirrhoUlm, 413. 

Phyllium, 25. 

Phyllocyst, 132. 

Phylloj^da, 283 ; characters of, 295, 290 ; 

a{.stribution of, in time, 313. 
Phyllosoma, 307. 

PhylloHtoma, 764. 

Phyllostomidce, 764, 765. 

Phyogemmaria, 136. 

Physa, 416. 

Physalia, 109, 131, 135, 130. 

Physalus, 688. 

Physeter, 688. 

Physeteridce, 688. 

Physiology, 18. 

Physophora, 135. 

F^hysophoridce, 131; characters of, 134 ef 
sexj. ; tentacles of, 134 ; reproduction oi, 
135 ; distribution of, in space, 150. 
Physostomata, 485. 

Picidce, 619, 620. 

Piddock, 403. 

Pieris, 356, 

Pigeons, 616, 617. 

Pigment-spot, of Infusoria, 100 ; of Roti- 
fera, 251. 

Pikas, 754. 

Pike, 485. 

Pilidium, 239, 241. 

Pill-millepede, 330. 

Pinna, 403. 

Pinnu/rada, 735, 736, 751. 

Pinnipedia, 734, 735, 751. 

Pintail Duck, 606. 

Pipa, 591, 521. 

Pipe-tish, 488. 

Pipidoe, 621. 

Pipistrelle, 763. 

Pipits, 627. 

Pisces, 457; general characters of, 403; 
scales of, io. ; skeleton of, 464 et seq ; 
limbs of, 466-469 ; tail of, 469-471 ; 
rospiratory system of, 471-473 ; heart of. 

473; digestive system of, 474; swim- 

bladder of, 475 ; nervous system of, ib. ; 
reproductive system of, 476 ; orders of, 
477 et seq.; distribution of, in time, 504 
et seq. 

Pithecia, 777. 

PitheciidcB, 777. 

Placenta, 654. • 
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Placentalia (Mammalia)^ 654, 655. 
PlaeodUit, 562. 

Placoganoidei, 402, 403, 505. 

Flacoid scales of Fishes, 461, 462, 405. 
Placoideif 477. 

Plagmulax, 654, 660. 

Plagiostomit 406, 497, 408. 

Planaria, 230. 

Plamrida, 230, 240. 

Planorbis, 409, 415. 

Fiantain'eaters, 620, 622. 

Plantigrada, 735. 

Plant-li?e, 348. 

Plants wd animals, differences between, 
13. 

Planiila, 118. 

Plcmnoptra, 172. 

Plastron, 531, 5.32, 633. 

Platalea,6ll. 

PlatcUeoi^je, (ill. 

Ptatarmti, 600. 

Platycrims^ 211 . 

Platyelma, 229 ; chiiraotcrs of, 230. 
Platyrhha, 772, 775, 782. 

Plecotuit, '63. 

Plectognahiy 488. 

Plectropterus, 576. 

Plesiomum, 561. 

PUftUisaum, 501, 562. 

Pleura, of Lobster, 279 ; of Trilobite, 299. 
PleurcvcaUJiuSy .506. 

Pleuruhrafiia, 176 ; ctenojjhores of, 177 ; 
eanal-sy.tem of, 177 ; development of, 
178; houologies of, ib. 

Pkurohtaichuhp, 412. 

Pleuronecfi(f, 470, 471. 

PleiironecUlaf, 4S6. 

Pleur()nern\ 100. 

PI ioh i'ppusj 01 , 702. 

Pliopithncir, 782. 

Plofactiti, 10. 

PI 0 IU 8 , 605. 

Pl()Uj?bsbar*-bone, 575. 

Pluma8ter,2'2'^. 

Phimularky 124. 

PhUeus, 10, 2''0. 

Plyctolophiif 621. 

Pneumatic filaments of PhymphorUlce, 
135. 

Pncuinatocyt, 134. 

Pneuinatopbre, 134, 135. 

Poeliard, 60. 

Pocillopora^62, 164. 

Podophnja,)d, 101. 

Podophthidkcita, 302 ; characters of, 805. 
PodoHomatCL 319. 

Podura, 33634.5, 346. 

Poebrotherim, 722. 

P(»cilasirna,lf^7. 

Poephaga^ 62. 

Poephagw, 21. 

Pole-cat, 74. 

Polian vesias, 196. 

Polistes, 40^1. 

PolyarthraZb\> 

PolyccBlia, 75, 185. 

Polycys'dna 77, 70, 80. 

Polydemui 330. 

Polygffttria (ot Ehrenbew, 9<. 
Polymiyrphmmea^ 74. 

Polype^ 2 ( 8 . 

Poij^ary, 100. 


Polype, 163. 

Polypide, 373. 

Polypidoni, 110. 

Polypite, 110. 

PolyplectroiXy 614. 

Polyprotodontia, 061, 605. 

Polypterua, 489, 490, 491, 402, 493. 
Polystome^/i^wsona, 99. 

P(ily8to?nellidea, 74. 

Polythalamia (Foraminifera), 70. 
Polytrema^ 76. 

Polytremacis, 172, 186. 

Polyzoa, .366, 367, 368 ; characters of, 371 ; 
distinctions from Hydrozoa^ 371, 372 ; 
typical polypide of, 378 ; avicularia of, 
874 ; lophophore of, 376 ; digestive sys- 
steni of, 376 ; nervous system of, 377 ; 
reproduction of, ib . ; statoblasts of, 
377, 378 ; development of, 378 ; divi- 
sions of, t6. ; affinities of, 879 ; distri- 
bution of, in space and time, 379, 380. 
Polyzoarium, 372. 

Pond-snails, 415. 

Pontaranhna, 322. 

Pontobdella^ 262. 

Pontoporia, 690. 

Poi'cellana, 311. 

Forcellanous shells, 369.'' 

Porcellia, 416. 

Porcupine, 755. 

Porcm, 706. 

Piires of Sjumges, 84, 86. 

J*or{fem, 83. 

Poritea, 184. 

Puritida*, 164. 

Porocblnria, 194. 

PorvUa^ 135. 

Porpoise, 689. 

Port Jackson Shark, 498. 

Po r t ug uese inan-of -\y »jr, 109, 131, 134, 135, 

136. ” 

Potamochatnia, 706. 

Pofantoyalc, 7C8. 

Potamvyalidce, 76S. 

P«)toroo, (562. 

Pouched Marmots, 760. 

Pouched Rats, 757. 

Poulpe, 427. 

Pmarct.uru8, 314. 

Prairie l)og, 7(50. 

Praya, 133. 

Prenbytis, 778. 

Presairostres, 008, 611. 

Prestwichia, 314. 

Primate a, 761. 

Primnna, 174. 

Prwdontea, 675, 676. 


Pristia, 600. . i- i. -v. 

Proboacidea^ characters of, <28; distribu- 
tion of, in time, 733. 

Proboscis, ofMediiam, 128 ; oi Crmoidea, 
209 : of PlanariM, 239 ; of Neimrttda, 
240 ; of Acaiithocephnla, 243 ; of Ge~ 
phyrea. 255 : of Errantia, 267 ; of Lepi- 
doptm, 337 : of rral/McUUa, 720. 

Prolwsdo Monkey, 778. 

ProcellaruliB, 604. 

Prochilua, 740. 

Procoelia (Crocoddiu), 557. 

Procyon, 741. 

ProcyonidiZ, 741, 751. • 
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Prodtictidce, 394, 895. 

Proglottis, 281, 282, 234. 

Pro-legs, S8«. 

Promsropid€B, 627. 

Prong-buck, 718, 719. 

Pro-ostracum, 430. 

Propodite, 279. 

Propodium, 406, 414. 

Propora, 172. 

Prorastomus, 683. 

Prorhynehtis, 241. 

Proscolex, 232, 234. 

ProsimuBt 778. 

ProKibranchiatat 411. 

Prosoma, 419. 

ProBtomium, oi Planarida^ 230 ; of Anno- 
lides, 258 

ProtanioBha, 61, 62. 

Protaster, 224. 

Protelee, 747. 

Protelidce, 747. 

Proteolepas, 292. 

Proteus, 612, 515, 516. 

Protous-animalcule, 63. 

Prothorax, 385. 

Protobathybius, 62. 

Protococcus, 14. 

Protogenes, 61. 

Protonydra, 112. 

Protolabis, 712. 

Protomyxa, 62. 

Protoplasm, 8, 0. 

Protopodite, 270. 

Protopterus, 602. 

Protomis, 629. 

Protorosauria, 547. 

Protorosaurus, 554. 

Protovirgularia, 185. 

Protozoa, 14, 20 ; general characters of, 
56 et seq. ; classification of, 57 et se.q. 
Proventriculus, of Earthworm, 263 ; of 
Birds, 584. 

Psarmnodus, 506. 

Pseudembryo, 101. 

Pseudobranchia, 491. 

Psendochlamys, 65. 

Pseudohaemal system, 258. 

Pseudo-hearts, 891. 

PseudonavicelUc, 59, 60. 

Pseudopodia, 57, 61, 64, 67, 77, 78, 79, 81, 
85. 

Pseudopus, 645, 648. 

PseudoscorpUmidoe, 322. 
Pseudoneuroptera, 851. 

PsittacidoB, 619, 620. 

Psittacus, 621. 

•Psolus, 221, 224. 

Psorospermice, 60. 

Ptarmigan, 614. 

Pteranodon, 564, 565. 

Pteraspis, 494, 604, 505. 

Ptericnthys, 494, 605. 

Pteroclidce, 616. 

Pterodactylus, 664, 565. 

Pterodmi, 752. 

Pteromys, 760. 

Pteronarcys, 840. 

Pteropidce, 763, 765. 

Pteropoda, 867, 896, 405 : general charac- 
ters of, 416 ; foot of, ift. ; shell of, 417 ; 
divisions of, ib.; distribution of, in 
space aud time, 417, 418. 


Pteropus, 766. 

Pterosauria, 530 ; general characters of . 

668 ; distribution of, in time, 565. 
Pterygotus, 801, 802, 814. 

PHloeercus, 770. 

Ptilodietya, 880. 

Ptilograptus, 144, 150. 

Ptilopora, 880. 

Ptyelioceras, 484, 437. 

Puff-adder, 542. 

Puffin, 608. 

Pulex, 853. 

Pulictdce, 358. 

Pulmogasteropoda, 407, 411, 414. 
Pulmonata {Mollusca), 411. 

Pulmonifera {Mollusca), 411, 4H 
PiUmotrachearia, 326. 

Puma, 750. 

Pupa, 841, 842, 366. 

Pupa, 416. 

Pupipara, 355. 

Purples of wheat, 247. 

PuUrrius, 743. 

Pycnogonum, 819, 821. 

Pygidium, 297, 299. 

Pyramidellidce, 412. 

Pyrgia, 165. 

Pyrgita, 626. 

Pyrosoma, 387. 

Pyrrhula, 626. 

Python, 637, 543. 

Pythonina, 543. 

Pythonomorpha, 555. 

Quadrate bone, 626, 5.37, 576. 

Quadrula, 65. 

Quadrumana, characters of, 7(1 ; section.'. 

of, 773-777; distribution of, ntime, 781. 
Quagga, 701. 

Quail, 614. 

Rabbit, 754. 

Racoon, 741. 
liadiata, 105. 

Radiolaria, 58 ; characters of 77. 

Radula {see Odoiitophore). 

Raia, 499. 

Rail, 609. 

Rallus, 609. 

Rnna, 519, 520, 522. 

Raniceps, 525. 

Ranidm, 521, 522. 

Raptoi'es, 585, 595 ; clmracti’s of, 630 ; 
sections of, ib.; distributioiof, in time, 
633. 

Rasores, 595; cliaracters of 612; sec- 
tions of, 613; distribution >f, in time, 
618. 

Rat, 757. 

Ratel, 742. 

Ratit.m, 691, 594, 595. 

Rattlesnake, 689, 540, 541, 542 
Rays, 494, 496, 497, 499, 500, .16. 

Razor-bill, 603. 

Razor-shells, 404. 

Receptaculites, 76. 

Red Coral, 169, 170, 181. 

Red Deer, 716. 

Redshank, 611. 

Redstart, 627. 

Regnum ProtisticuTm, 14. 

Regular Echinoids, 197, 200. '0 
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Heiiideer, 716, 716. 
lUnillat 169. 

lleproductlon, general ijhenomena of, 32 
et seq. ; sexual, ib. ; non-sexual, 33 et 
seq. 

Jteptilm, 467 ; general characters of, 62r> ; 
jaw of, 627; teeth of, 628; cfrciUation 
of, ib,y 629; respiration of. ib., 630; 
orders of, ib. et seq. 

Jlespiratory tree of Holothurlans, 220, 221 
Respiratory tubes of Rotifera, 260. 
Iteticulosa (see Foraminifera), 67. 
Reversed shells, 370, 398. 

Fha^docaela, 240. 

Hhabdoidea, 74. 

Jihabdftphora, 144. 
llhabdopleura. 376, 376, 378, 37! 1 . 
RhamphastUhe, 620, 621. 
Rhampharhinicltus, 565. 

Rhea, 596. 

Rhinatrema, 615. 

RhinohatiSy 500. 

Rhimeerotidfje, 695. 

Rhinoceros, 695, 696, 697. 

Rhinolophidcp, 704. 

Rhinolophus, 764. 

Rhinophrynus, 521. 

Rhipidogorgia, 170. 

Rhizocephala, 2S3 ; (jharactera of, 285. 
Rhizocrinus, 208, 209, 212, .222. 
Rhizophaqa, 661. 

Rhizophylluoi, 175. 

Rhizopoda, 58; characters of, 61 ; p,seudo. 

podia of, ib, ; divisions of, ib. 
Rhizosioma, 143, 144. 

Rhizostomidw, 137 ; definition of, 139 ; 
development (►f, 139; structure of re- 
productive zooids of, 140. 

Rhodope, 413. 

Rhombus, 487. 

Rhopaloccra, 356. 

Rhymhocephalia, 553. 

Rhynchoceti, 685, 691. 

Rhynchonella, 389, 395. 

RhynchoneUidm, 389, 394, 30.5. 
Rhynchoplwra, 362. 

Rhynchosatirus, 554, 563. 

Rhynchota (see Hemiptera). 

Rhytina, 048, 681, 683. 

Rhyzoena, 746. 

Ribbon-worms, 240. 

Right Whale, 686, 687. 

Ringed Snake, 543. 

River-snails, 412. 

Roach, 485. 

Robins, 627, 

Robulina, 70, 

Rock-kangaroos, 66:i. 

Hock-slaters, 305. 

Rock-snakes, 543. 

Roebuck, 716, 71<). 

Rodentia, general c.haracters of, 752 ; fa- 
milies of, 754 et seq. ; distribution of, 
in time, 760. 

Rorqual, 688. 

Hot of Sheep, 238. 

Rotalia, 70 
Rotalidea, 74. 

Rotatoria (see Rotifera). 

Rotifera, 10, 229; characters of, 248; 
wheel-organ of, 249 ; masticatorj’ or- 
ga*fs of, ih.; water-vascular system of, 


250 ; affinities of, ib. ; vitality of, lo ; 
distinctions from Infusoria, 252. 
Round-worms, 244. 

Rucervus, 715, 

Ruff, 611. 

Rugosa, 154 ; characters of, 173 ; families 
of, 176 ; distribution of, in time, 186 
Huminantia, 602, 703 ; characters of, 708 ; 
dentition of, 709 ; families of, 711-721 • 
distribution of, in time, 722. 

Rupicapra, 719. 

Rusa, 714, 716. 

Sahelta, 265. 

Sabeltaria, 264, 265. 

Sabeltidce, 266. 
a-ible, 743. 

Saceammina, 76. 

Saccomydee, 757. 

Saccosuma, 223. 

Sacculina, 286. 

Scenuridee, 263. 

Sagifta, 271, 272. 

Saki, 777. 

Salamanders, 516, 517, 618, 524. 
Salamandra, 518. 

Salainandrella, 525. 

Salmon, 485. 

Salmonido'., 485. 

SalpidcB, 887. 

Sand-crab, 311. 

Sand-grouse, 615. 

Sand-hopper, 304. 

Sand-lizard, 549. 

Sand-pipers, 611. 

Sand-stars, 205. 

Sand-worms, 2(57. 

Slanguijtuga, 262, 

Sapajou, 777. 

Sarcode, 56, 

Sarcodictyon, 166. 

Sarcoids of Sponges, 84, 85, 86, 87. 
Sarenphaga, 667. 

Sareophyton, 167. 

Sarcopsylla, 353. 

Sarcoptes, 321. 

Sarcorhamphus, 633. 

Sarsia, 130. 

Sauranodon, 560. 

Sauria, 546. 

SaurUlvs, 554. 

Saurobatrachia (see Urodeta). 

^uropsida, 459, 526. 

Suuropterygia, 630; general characters of, 
561 ; distribution of, in time, 562. 
Saurornithes, 504, 638. 

Saururce, 594 ; characters of, 633, 

Saw-lish, 500. 

Saw-flies, 357, 35«. 

Scalaria, 413. 

Scale-insects, 348. 

Scallop, 402, 403. 

Scahps, 767. 

Scalpellum, 291. 

Scansnres, 695 ; characters of, 61(> ; fami- 
lies of, 620. 

Scaphirhynchus, 4S9, 490, 494. 

Scaphites, 436. 

Scaphognathitc, 281. 

Scaphopoda, 412. 

Schizognathm, 578. 

Scinetdee, 548, 549. 
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SciHCUSt 540. 

SciuridoB, 759, 760. 

Sciuropterw, 760. 

SHurust 759. 

Sclerenchyma, 159. 

Sclerites, 170. 

Sclerobasica (Zoantharia), 154, 157, 185. 
Sclerobasio coralluni, 158, 159. 
Sclerodermata (Zoantharia), 154, 168; 

divisions of, 164, 165. 

Sclerodermic corallum, 159, 160. 
SclerogenidoBt 488. 

Sclerostmrutt 245, 246. 

Seoleeiday 227; characters and divisions 
of, 229 et aeq. 

Scolex, 232, 233, 234, 235. 

Scolopacidcey 611. 

Scolopendra, 329, SSO. 

ScomberidcB^ 488. 

Scorpion, 314, 316, 317, 323, 324, 327. 
Scorpion-flies, 351. 

ScorpionuUi}, characters of, 324; distribu- 
tion of, in time, 327. 

Screamer, 609. 

Scttigera^ 329. 

Scyllaridm, 277. 

Scyphistonia, 140. 

Scythrops, 620. 

Soa-aiieinones, 154. 

Sea-cows, 681. 

Sea-cucumbers, 218. 

Sea-firs, 121. 

Sea-hares, 412. 

Sea-horses, 48S. 

Sea-lemons, 413. 

Sea-mouse, 267, 270. 

Sea- otter, 745. 

Sea-pens, 167. 

Sea-shrubs, 169. 

Sea-slugs, 412. 

Sea-spiders, 319. 

Sea-worms, 267. 

Seals, 737, 738. 

Si^cretary Bird, 633. 

Segmental organs of Leeches, 200; of 
Earthworm, 263 ; of Errant Annelides, 
258. 

Selachii, 498. 

Selenaria, 374. 

Selonodonts, 703. 

Semnopithecua, 778. 

Sepittf 425, 435. 

Sepiadce, 429, 437. 

Sfepiola, 419,435. 

Sepiostaire, 425. 

Septa, of Corals, 160 ; of the sliell of Tetra- 
branchiate Cephalopods, 431, 433. 
Serpentariua, 633. 

Serpents (aee Snakes). 

Serpula, 264, 265, 266. 

SerpuUtes, 271. 

Sertularia, 122. 

SertiUarida, 111, 112; characters of, 121; 
hydrothecse of, 122; polypites of, ib.; 
reproduction of, 123, 124 ; distribution 
of, in space and time, 150. 

Set» of Annelides, 268, 259, 263, 264, 267. 
Sexual selection, 49, 50. 

Sharks. 473, 477, 494, 495, 497, 498, 499, 
.506. 

Sheat-iishes, 486. 

Sheep, M9, 720. 


Sheep-ticks, 355. 

Shell of Molluaca, 368-370 ; of Braehio- 
poda, 888, 389 ; of Lamellibrattchiata, 
396-399; of Gasteropoda^ 409-411; of 
Heteropoda, 414 ; of Pterovoday 417 ; of 
ArgoTiauta^ 426, 427 ; otNautilus^ 426, 
431; of Tetrabranchiate Cei)halopods, 
432 

Sheltopusiks, 548. 

Shield-slaters, 305. 

Ship-worm, 404. 

Shoveller, 606. 

Shrew-mice, 768. 

Shrew-mole, 767. 

Shrikes, 626, 627. 

SialidcBt 851. 

Siamang, 780. 

Sieboldiat 517. 

SilicispoTigUBy 88, 89, 93. 

SUur^cb, 486. 

Silurus, 486. 

Simiat 780. 

Simoeauraa^ 562. 

Sinupallialiaf 401, 403. 

Siphonia, 93. 

Siphonida^ 403. 

Siphonophora, 111 ; characters of, 131 ; 

divisions of, 131 et aeq. 

Siphonopa, 514, 515. 

Siphonoato'imta {Gasteropoda)^ 410, 411, 
416. 

Siphons, of LamelUbranchiata, 401 ; of 
Gasteropoda, 508. 

Siphunclo, of the shell of Nautilus, 420, 
431, 432, 433 ; of Spirula, 429 ; of Belem- 
nUea, 430 ; of Tetrabranchiata, 433 ; of 
Ortkoceraa, 434. 

Sipunculoidea, 255. 

Sipunculua, 255, 256. 

Siredon, 5B), 517 
Sire7i, 612, 615, 516. 

Sirenia, 640, 643, 646 ; characters of, 680 
et aeq. ; distribution of, in time, 683. 
Sirenidce, 515. 

Birenoidei {Dipnoi), 503. 

Sirex, 359. 

Siricidce, 357. 

Sitta, 627. 

Sivatherium, 712, 723. 

Skates, 473, 499. 

Skink, 549. 

Skunk, 744. 

Slaters, 305. 

Sloth, 640, 641, 673, 674, 675. 
Sloth-animalcules, 320. 

Slow Lemurs, 774. 

Slow-wonn, 548. 

Slugs, 414, 415. 

Smynthurua, 346. 

Snails, 414, 415. 

Snake-birds, 605. 

Snakes, 527, 537, 538, 539, 540, 541, 542, 
543, 544. 545. 

Suapping-turtle, 636. 

Snipe. 611. 

Soft Tortoises, 535. 

Solanocrinus, 223. 

Solaster, 205. 

Sole, 486. 

Solenidae, 404. 

Solenodon, 725. 

Solidungula, 692, 699. «, 
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SoUpedia (see Solidwujula). 

Solitaire, 618. 

SolpugidcBt 323, 

Somateria, 606. 

Somatic cavity, of Coelenterata, 100, 107; 
of Hpdrozoa, 106, 109; of Hydra, 113; 
of Actinozoa, 107, 151. 

Somatocyst, 131. 

Somite, 274 ; of Crustacea, 279; of Arach- 
nida, 315. 

Sorex, 768. 

Soricidat, 768, 771. 

Spatacidon, 757. 

Spalacotherium, 654. 

Spalax, 757. 

Sparrows, 626. 

Spatularia, 489, 490, 494. 

Species, definition of, 27, 28; origin of, 
47-50. 

Spectacled Bear, 740. 

Spermatophores, 422. 

Spermophihis, 760. 

Sperm-whale, 688. 

Sphairidia, 196. 

SphcBnipastm, 325. 

Sphmruma, 305. 

Sphoirozoum, 80. 

Sphcendnria, 244. 

Sphagodm, 606. 

Sphargis, 635. 

Siyhsaiseidm, 601. 

Spheniscus, 602. 

Sphenodotiy 553. 

Sphingurus, 756. 

Spicula, of Sponges, 87, 88, 89, 90; of ifrt- 
diolaria, 78. 80 : of Actinozoa, 157,166, 
167, 168, 169, 170. 

Spider-crab, 310, 311. 

Spider-mites, 322. 

Spider-monkey, 777. 

Spiders, 314, 315, 310, 317, 325, 326, 327. 
Spinax, 496, 407. 

Spinnerets, of Spiders, 326; of Cateri»illars, 
328. 

Spm, 108. 

Spit'ifera, 394. 

Spin/eridte, 304, 395. 

Spirilli nidea , 7 4, 

SpirorbU, 265, 266, 271. 

^irula, 425, 429, 435. 

^iruluke, 429. 

Sponge-crab, 311. 
ispongia, 87. 

Spongiila, 83 ; skeleton of, 87, 88 : sarcohls 
ot^ 84, 85; aquiferous system of, 86; 
reproduction of, 90 ; development of, 
01 ; classification of, 93 ; distiibiition 
of, in space, 92 ; in time, ib. 

Spongiila, 87, 90, 92; reproduction of, 
90. 

Spoon-bill, 611. 

Spoon-worms, 254, 255. 

SpoTOsac of Conjnida, 115. 

Spring-tails, 346. 

Squalidce, 499. 

Squalodon, 691, 692. 

Squamata (Reptilia), 528. 
Sqtiamulinidea, 74. 

Squids, 429. 

Squilla, .300. 

Squirrel, 769. 

^yirrel Monkey, 777. 


Staggers of Sheep, 235. 

Stagonolepis, 658. 

StaphyUnidaf, 362. 

Starlings, 625. 

Star-nosed Mole, 767. 

Statoblasts, 35, 377. 

Stauria, 173, 176, 185. 

Stauridee, 176, 185. 

Stauridia, 118. 

Steatornis, 629. 

Stegnifiophthaltnata (Medvsee), 127, 128, 
137, 188, 140, 144. 

Stellerida, 201. 

Stellio, 650. 

Stem-muscle of Vorticella, 98. 

Stemmata {see Ocelli). 

Stenmter, 223. 

Steneofiber, 760. 

Steneosaw'us, 558. 

SteMopSy 774. 

Steunstomata, 179, 180. 

Stentor, 16, 99, 100. 

StephanoceroSy 248, 251. 

Stepimnoscyphusy 127. 

Steretmintha, 237. 

Stereognathus, 653, 669. 

Sternum, of Crustacea, 279; of Arach- 
nida, 315; of CheUmia, 353; of Aves, 
578 ; of Mammalia, 642. 

Stick-insects, 350. 

Stigmata, of rhysophoridof, 135 ; of 
Lecidies, 200; of ArachnUla, 318; of 
Jnsecta, 339. 

Sting-rays, 500, 

Stolons, of Foraminijera, 70; of social 
Tunicala, 386. 

Stomapoda, 283 ; characters of, 306 ; de- 
velopment of, ih. ; distribution of, in 
time, 314. 

Stomatodendra, 142, 143. 

Stoiie-(diat, 6*27. 


Stonc-fiiiis, 351. 

Stoik, 611. 

Strepsilas, 611. 

Stre2>siptera, 335, 360, 361. 

Strepsirhina, 772, 773. 

Steeptos}oindylus, 558. 

SirigUke, 630. 

Stn'gvpsy 621. 

Strix, 631. . 

Slrobila, of Rhizostomulvc, 140; of imw- 
ada, 233, 234. 

Stromatopora, 76. 

Strombidm, 368, 406, 412 
Strombodes, 175. 

Strongylocentrotus, 194. 

StroqmoineiiidtB, 394, 305. 

Struthio, 596. 

Straihionidm, 596. 

Sturgeon, 470, 403. 

Sturionidee, 493, 494. 

Sturnidm, 625. 

Stylaster, 149. 

Slylasteridie, 147. 

Siylinodontia, 725. 

Stylops, 360. 

Sub-brachiata, 486. 

Sub-kingdoms, 21. 
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Sula, 604. 

Sun-bear, 740. 

Sun-birds, 627. 

Surf-duck, 606. 

Surinam Toad, 621. 

Su8, 706, 706. 

Swallow, 628, 629. 

Swan, 605, 606. 

Swifts, 688, 628, 629. 

Swim-bladder of Fishes, 475. 

Swiinmerets of Lobster, 279, 309. 
Swimming-bells, 132. 

Syeandraf 84, 86. 

Syeoriy 88. 

Syllidea, 269. 

Syllis, 269. 

Sylviadce, 626, 627. 

Symborodon^ 699. 

Sympodium, 167. 

SynapticiilaB, 161. 

Synaptidce, 219, 222. 

Syndactyliy 629. 

Syndendrium, 142. 

Syngnathidce, 488. 

Synngoporidce, 185. 

SyrinXy 256. 

Syrinx, .691. 

TahanidcB, 355. 

Tabuhc of Corals, 161, 162. 

Tabulata, 104. 

Tabulate Corals, 164. 

Tdichyglossm, 667, 668. 

TachypeteHy 604. 

Tadpole, 620. 

Tatniay 230, 231, 2.33, 234, 235, 236. 
Tcmiada, 229; characters and develop- 
ment of, 280 et 8€q. 

Talitrus, 304. 

Talpay 760, 767. 

TalpUlcB, 706, 771. 

Tamanduay 677. 

Tamias, 760. 

TanagrldcBy 626. 

TanaiSy 303, 305. 

Tank-worms, 240. 

Tantalince, 611. 

Tape-worm (see Tcenia). 

Tapir, 698. 

TapiridcB, 697, 721. 

Tapirtut, 698, 696, 697, 698, 722. 
Tardigraday 319, 320. 

TarffiidcBy 774. 

Tarsiusy 774. 

Taxidetty 742. 

Teal, 604. 

Tectibranchiata, 412. 

Tegenaruiy 316, 317. 

Teleodactyla, 694. 

Taleosaurwt, 658. 

TeleoHtei, characters of, 482 et 8eq. ; sub- 
divisions of, 485 ct seq. ; distribution 
of, in time, 607. 

TelephoruSy 362. 

Telerpetorty 654. 

TellinidoB, 404. 

TelrnatornWy 612. 

Telson, of Cnuttacetty 276; of Lobster, 
279 ; of Limulusy 300, 301 ; of Scoi’pion, 
324. 

TenebrionidcPy 362. 

Tenrec, 709. 


Tentacles, of Hydra, 112, 113 ; of Tubula- 
riay 120; of Calycophoridoey 132; of 
PhysophoHdcBy 184 ; of Medmidce, 129 ; 
of Uyara-tuha, 139 ; of Actinia, 155 ; of 
Aleytmariay 165; of Pleurobrachiay 177 ; 
of Ilolothuroideay 220 ; of Polyzoa, 375 ; 
of Tunieatay 381 ; of Cuttle-fishes, 419, 
428. 

TentaculiteSy 271, 418. 

Tenthredinidcey 857. 

TenthredOy 358. 

Tenuirostresy 624, 627. 

'terebellay *266. 266. 

Terebratula, 391. 

TerebratulidcCy 894 , 395. 

TerbratuUnay 392, 308. 

TeredOy 404. 

Tergum, of the exoskeleton of Crmtacen, 
279 ; of Arachnida, 815. 

Tern, 603. 

Terricola, 262. 

Termites, 343 ; communities of, S51. 
Terrapin, 635, 636 

Test, of Foraminifera, 66, 68 ; of EcJii- 
noideay 193 ; of Tunieatay 381. 
Testacellay 869. 

TedudinidcCy 636. 

Tcittudo, 536. 

Tetrabranchiata{Cephalopoda), 4*26 ; char- 
acters of, 430; divisions of, 433 ; distri- 
bution of, in time, 435. 

Tetradecapoda, 803. 

Tetramera, 362. 

Tetranychm, 321. 

Tetrao, 614. 

Tetraonidee, 614. 

Tetrasfewma, 242. 

Teuthido}, 429, 437. 

Textularidetty 74. 

Thalamophora, 66, 72. 

Thalaumrachna, 322. 

Thalnssarctos, 740. 

Thalassicolla, 81. 

Thalcmicollidny 77, 81. 

ThalasKolamjye, 81. 

Thauinantiagy 128. 

Thectty 418. 

Theca of sclerodermic, corallum, 160. 
Theeaphortty 121, 126. 

Thecmidocy 394. 395. 

Thecorncdusocy 127. 

Thecosomata, 417. 

Tlielyphonidm, 325 
ThelyphimiiHy 323, 325. 

Theridiony 326. 

Tlieriodontiay 630, 5(>7. 

Theriomorpha (see Anoura). 

Thommnyg, 757. 

Thoracica {Cirrvpedia), 291. 

Thoracipoatty 302. 

Thornhack, 499. 

Thornheaded Worms, 242. 

Thorny Clams, 404. 

Thread-cells, 107, 108. 

Thread- worms, 244, 246. 

Thripsy 348, 349. 

Thruslies, 627. 

Thylaeinm, 670. 

Thylacolen, 670. 

Thyone, 221. 

Thysanoptera, 849. 

Thysanurtty 347, 348. 
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Ticks, 321, 322. 

Tiger, 760. 

Tiger-beetle, 36*2. 

Tillodontia, 726. 

Tillotheridoi, 725. 

TiUotherium^ 725, 72(>. 

Ti'namidoBf 615. 

Tinamomorphce, 578. 

Tinamou, 578, 015. 

Tinoceras, 725. 

Tipula, 864. 

TipulidcBy 854, 365, 

TitarwtherCum, 690. 

Titmice, 627. 

Toad, 521, 62?. 

Tomopteris, 271. 

Tongue, of Insects, 3;{7 ; of Gasterop oda, 
407 ; of Cephalopoda^ 421 ; of Fishes, 
405 ; of Snakes, 5.i8 ; of Lizards, 547 ; of 
Crocodile, 557 ; of Birds, 584. 
Tooth-shells, 412. 

Top-shells, 412. 

Tornaria, 241. 

Tornatellidce, 412. 

Torpedo, 499. 

Tortoise Encrinite, 223. 

Tortoises, 527, 528, 530, 53(5. 

Tortrix, 537. 

Totanus, 611. 

Totipalmatce, 604. 

Toucan, 621, 622. 

Touracos, 622. 

Toxoceras, 434, 435. 

Toxodon, 720, 727. 

Toxodontia, 726. 

Toxopnemtes, 222. 

Tracheae, of Arachnida, 318; o( Mpria- 
poda, 328 ; of I meet a, 339. 

Tracheal gills, 340. 

Trachydenna, 271. 

Trachynema, 130. 

Trachymmkice, 130, 143. 

Tragulidoe, 711, 712, 722. 

Tragulm, 713. 

Transformation, 42. 

Tree-crabs, 311. 

Tree-frogs, 622. 

Tree-kangaroos, 663. 

Tree-pigeons, 617. 

Trernarctoe, 740. 

Treinatoda, 229; general i-haraeters of, 
237 ; development of, 237, 238 : liabitat 
of, 237. 

Treinoctopu^, 423, 424. 

Treronuke, 617. 

Tretenterata, 393. 

Triarthra, 251. 

TriehecidcB, 737, 738. 

Trichecus, 738. 

Trichina, 245, 246. 

Trichocephalus, 245, 246. 

Trichocysts, 96. 

Trichogloasm, 621. 

Trichoptera, 351. 

TrUonodon, 654, 669. 

Tridacnidoe, 403, 404. 

TrigoniadoB, 403, 

Trilohita, 297 ; structure of the crust of, 
298 ; distribution of, in time, 314. 
Triinera, 362. 

TrimerellidcB, 394. 

Tciineresurus, 642. 


Tringa, 611. 

Trwnycidat, 531, 535, 537. 

Trionyx, 536. 

Triton (Amphibia), .517, 518. 

Tritoniotlce, 413. 

Trochammina, 69. 

TrochilidoB, 627. 

Trochoceras, 434. 

Trochocy stiles, 223. 

Troglodytes (Aves), 625; (Quadrumaiia) 

Trogon, 620, 622. 

TrogonidoB, 620, 622. 

Trogontherium, 761. 

TromhididcB, 322. 

Trophi of Insects, 336. 

Trophosome, 111. 

Tropic Birds, 604. 

TropUlonotus, 543. 

Trough-shells, 404. 

Trout, 485. 

Trnnc'uted Shells, 37i). 

Trimk-iishes, 488. 

Trygon, 500. 

Tube-feet, of Echinus, 196, 197; of Aste- 
rouhta, 202 ; of Ophiuroidea, 206 ; of 
Coinatula, 214; of llolothuroidea, 218, 
219. 

Tubieola, 259 ; characters of, 264 ; devel- 
opment of, 265 ; distribution of, in time, 
271. 

Tuhij'ex, 2(54. 

Tuhipimt, 167. 

TubiporUloB, 166, 167, 185. 

Tulmlaria, 120. 

Tubulanda (see Cory nidi i). 

Tubuhsa, 164, 165. 

Tunicata, 367, 368, 371; chnraclers of, 
380; branchial sac of, 382, 383, 384, 
386, 387 ; circulation of, 383 ; n(5rvous 
system of, ib.; development of, 384-386 ; 
alternation of generations of, 886 ; types 
of, ib ; homologies of, ib. ; distribution 
of, in space and time, ib., 387. 

Tunics of Ascidians, 381. 

Tupaia, 770. 

TupaiidiB, 770. 

Turbellaria, 229; characters of, 238; divi- 
sions of, 239. 

Turbinated Sliells, 409. 

TurhinidfB, 412. 

TurbinolidoB, 164. 

Turbot, 487. 

Turkey, 614. 

TurnicidcB, 615. 

Turnstone, 611. 

Turrilepas, 318. 

Turrilites, 434, 430, 437. 

TurritelUdoB, 412. 

Turtles, 527, 530, 53.5, 53(5. 

TyUfdon, 751. 

Tylopoda, 711. 

Type, morphological, 20. 

Typhlopidof, 544. 

Typhlops, 644. 

Uintatheriuiii, 725. 

Uintornis, 622. , ,,,, 

Uuibilicated shell of Gasteropoda, 410. 
Umbo, 398. 

Umbrella of Lttcernartda, 137, 141. 
Uiiau, 675. » 
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Ungtilata, 692 ; characters of, 693 ; divi- 
sions of, 693, 702. 

UnionidcBt 403. 

Univalve Shells, 409. 

Upupidce, 627. 

Vraster, 201, 204, 205. 

ITria, 603. 

ITmatella, 376, 879. 

Urodela, characters of, 515-618 ; distribu- 
tion 01 , in time, 524. 

Uropeltis, 544. 

Urotrichus, 768. 
llrsidoi, 739, 761. 

Ursiis, 740, 751. 

Urus, 720. 

Uvellidea, 74. 

Vacuoles, of Protozoa, 64 ; of Infusoria, 
97. 

Vaginicola, 95, 99, lOO. 

Valkeria, 376, 379. 

Valvata, 416. 

Vamiure-bat, 764. 

Vanwllus, 612. 

Varanidcs, 650. 

Varanus, 550. 

Vaticheria, 14, 1.5. 

Veil, of gonophores, 117 ; of nectocalyces, 
133 ; of naked-eyed Medusa;, 128. 
Velella, 135, 130. 

Velum of embryo Mollusca, 402, 409. 
Ven^msa (Ophidia), 541. 

Vmeridce, 604. 

VcntricuUtidce, 93. 

Venus’s flower-basket, 90. 

Venus’s girdle, 180. 

Veretlllum, 168. 

Vertnes, 228, 254. 

Vennetus, 409. 

Vermilinguia, 547. 

Verrmidae, 290, 291; distribution of, in 
time, 318. 

Vertebra, structure of, 448. 

Vertfbrata, 21; general characters of, 
443-457 ; development of, 444-446 ; skel- 
eton of, 447-452 ; dige.stive system of, 
452, 453 : blood of, 453 ; respiratory sy.s- 
tem of, 455 ; nervous system of, 456 ; 
reproduction of, 457 ; exoskeleton of, 
ib.; divi.sions of, 457, 459. 

Vesicle, contractile of Protozoa, 57 ; of 
Amoeba, 04; of Pararnoeckim, 96; <»f 
Episiylut, 99. 

Vesicularia, 371, 379. 

Vespidee, 358, 359. 

Vespertilio, 763. 

VespertilionidoB, 763, 7(J5. 

Vibracula, 374, 375. 

Vibrio, 44, 45. 

Vidua, 625, C26. 

Viper idee, 541. 

Virgularia, 168. 

Viscacha, 766. 

Visceral arches of the embryo of Verte- 
brates, 446. 

Viverra, 7i5, 746. 

Viver't'idce, 746, 761. 

Viviparous Lizard, 649. 

Vole, 758. 

Volitores, 628. 

Volutidm, 412. 

Volvox, 15,^ 


Vorticella, 95; structure of, 98; repro- 
duction of, ib., 99. 

Vortielava, 114. 

Vulpes, 748. 

Vultur, 632. 

Vulturidce, 631, 682. 

Wagtails, 627. 

Wah, 741. 

Waldhcimia, 390, 391. 

Walking Leaves, 350. 

Walrus, 738. 

Wanderoo, 778. 

Warblers, 626. 

W’art-hog, 707. 

Wasps, 358, 359. 

Water-beetles, 302. 

Water-deer, 717. 

Water-fleas, 294, 295. 

Water-hen, 609. 

Water-mites, 322. 

Water-scorpion, 349. 

Water-spider, 349. 

Water-vascular system, of Echinodermata , 
191; of Echinoidea, 19G ; of A steroidea, 
202 ; of Ophiuroidea, 206 ; of Crmoidea, 
208, 214; of Uolothuroidea, 219; of 
Scnlecida, 229 ; of Tceniada, 231 ; of 
Trematoda, 237; of Turbellaria, 239; 
of Acanthvcephala, 243 ; of Nematoda, 
244; of liotif era, 249. 

Water-worms, 263. 

Weasel, 743. 

Websteria, 185. 

Weevils, 362. 

Whalebone Whales, 6S5. 

Whale-louse, 303. 

Whales, 641, 043, 044, 648, 650, 684, 685, 
686, 687. 

Wheel- animalcules, 248. 

Whelk, 406, 407, 411. 

White Ants, 351. 

Whiting, 486. 

W’idgeon, 609. 

Wild Boar, 706, 

Wing-shells, 412. 

Wire-wonus, 362. 

Wolf, 747, 748. 

Wolverine, 742. 

Wombat, 662. 

Woodcock, Oil. 

Woo<l-lice, 305. 

Wood-nntos, 322. 

Woodpecker, 620. 

Wrasse, 488. 

Wrens, 627. 

Wry-neck, 620. 

Xenm, 167. 

Xiphodon, 722, 

Xi%}hosura, characters of, 300; distribu- 
tion of, in time, 314. 

Xylobius, 332. 

Yak, 721. 

Yapock, 6(56. 

Yunx, 620. 

Zaphrentis, 174, 175. 

Zaptis, 759. * 

Zebra, 701. 

Zebu, 721. 
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ZetLglodon, 69], 692. 

ZeuglodontidoB, 685, 691. 

Ziphioid Whales, 685, 691, 692. 

ZiphiuSf 691. 

Zoantharia, 164 ; Malacodertnata, 154 ; 
Sclerobasica, 157 ;* Selerodermata, 158 * 
164, 181, 185. ’ 

Zoanthidce, 157 
Zomthud, 157. 


Zoea, 307, 310, 311. 
Zmites, 416. 

ZonuridcBf 547. 

Zooecium, 873, 37.5. 

Zodid, 110. 

Zoological provinces, 51. 
Zoology, definition of, 1. 
Zoospores of 14. 

Zootoca, 549. 


THE END. 


I'RINTEU l»Y WILLIAM HL.M KWOOIJ AND SONS. 
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ETYMOLOGICAL DICTIONARIES. 


I. 

▲N KTTUOLOOIOAL AND PRONOUNC'INO 

DIOTIONART OP THE ENGLISH LANGUAGE. 
Tudading a very Copious Selection of Scienti^c, TechnicaL and 
other Terms and Phrases. Designed for Use in Schools and Col- 
leges, and as a Handy Book for General Reference. By the Ret. 
JAMES STORMONTH. The Pronunciation carefully revised 
by the Rev. P. H. PHELP, M.A. Fifth Iklition, reused, with 
a new and enlarged Supplement. Crown 8vo, pp. 795, 7s. 


THE SOHbOL BTTHOI.OOIOAI. DICTIONARY AND 

WORD-BOOK. Combining the advantages of an ordinary Pro- 
nouncing School Dictionary and an Etymological Spelling-Book. 
Containing : The Dictionary — List of Prehxes—List of Postfixes— 
Vocabulary of Root-words, followed by English Derivations. By 
the Same. Pcap. 8vo, pp. 260. 2s. 

in. 

THE HANDT SCHOOL DIOTIONABY. For Use in 
Elementary Schools, and as a Pocket Reference Dictionary. By 
the Same. Pp. 268. 9d. 


THE DAILY CLASS-BOOK OF ETYMOLOGIES. 
Being a Reprint of the Appendix to the 'School Et 3 nno logical 
Dictionary and Word-Book.* For Use in Schools. By the Same. 
6d. 


OPINIONS OF THE PRESS. 

fiTTMOLOOlCAL AND PRONOUNCING DICTIONARY. 

*• This Dictionary is admirable. The etymological part especially is good 
and sound. . . . The work deserves s place in every English school, whether 
boys' or girls’.**— IFestminster RwUw, 

**K good Dictionary to people who do much writing is like a life-belt to 
people who make ocean voyages : It may, perhaps, never be needed, but it is 
always safest to have one at hand. This use of a dictionary, though one of the 
humblest. Is one of the most general For ordinary purposes a very ordinary 
dietiosary will serre ; bat when one has a dictionsty, it u as well to have a 
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ST0RM011TH*8 DICn0VABIS8-0pmi<»rw coMinvtd. 

cood one. . . . Sixscial care aeeme to have Iteen Itestowed on the ]troiiun> 
elation and etymological derivation, and tbe * root>worda * whicli are given 
are moit valuable in helping to a knowledge of primary signilicationa. All 
tbtoogh the book are evldencea of elaborate and conacientiouH work, and any 
one wiio inastera the varied oontenta of this dtotlonaiy will not lie far off tbc 
attainment of tbe complete art of * writing tbe EneliMb langnage with pro- 
priety/ in tbe matter of orthography at any rate.*'— Sel/bat Notthem }Vhig, 

** A full and complete etymological and explanatory dictionary of tlie Engliab 
language. . . . weiiave not aitace to describe all ^ta excellences, or to point 
ont in detail how it dilTers from other lexicons ; but we cannot with Justice 
omit mentioning some of its more striking peonliarities. In the first place. It 
is comprehensive, including not only all the words recognised by the best 
authorities as sterling old English, but all the new coinages which have passetl 
into general circulation, with a threat many scientific terms, and those whicli 
some under the designation of slang. . . . Tlie pronunciation is carefully and 
?Iearly marked in accordance with the most approved modem usage, and In 
this respect the Dictionary is mpst valuable and thoroughly reliable. As tb the 
etymology of words, it is exhibited in a form that fixes itself upon tbe memory, 
the root- words siiowing the prolmble origin. of the English words, their primary 
meaning, and their ^uivalents in other languages. Much useful information 
snd instruction relative to prefixes, postfixes, abbreviations, and phrases from 
the Latin, Frencli, and oilier languages, Ac., appropriately follow the Diction- 
*ary, which is tlirougiiout lieautiftilly and most correctly printod."— Ctvi/ Servic* 
Hazette. 

“A really^Dod and valuable dictionary.'*— /owniaf of Education. 

** I am liapity to be able to express— and that in the strongest terms of com- 
mendation— iny opinion of the merits of this Dictionary. Considering the ex- 
tensive field which it co^’ers, it seems to mo a marvel of painstaking labour and 
general accuracy. With regard to the scientific and tecimical words so exten- 
sively introduce into it, 1 must say, that in this iesi>ect I know no Dictionaiy 
that so satisfactorily meets a real and widely felt want in our literature of re- 
ference. 1 have comjiared it witii tlie large and costly works of Latham, 
Wedgwood, and others, and find that in the fulness ot its details, and the 
clearness of its definitions, it bnid.s its own even against them. The etymology 
has been treated throughout with much intelligence, the most distinguished 
authorities, and the most recent discoveries in philological science, having been 
laid under careful contribution."— EicAard D. Graham^ Ksq.^ ErtglUh Master^ 
College for Daughters of ministers of the Church of Scotland and of Professore in 
ike Seottish Universities, 


SCHOOL ETYMOLOGICAL DICTIONARY. 

“This DIctiouary , which contains every word in ordinary use, Is followed up by 
a carefully prepare<l list of prefixes and iiostfixes, with illustrative examples, and 
a vocabulary of Latin, Greek, and other root-wonls, followed by deriveil Elngli.sh 
words. It will l»e obvious to every exi>erienced teacher that Uicse lists may 
lie made available in many ways for itn)iartiilg a sound knowled» of the Engllsn 
language, and for helping unfortunate pupils over the terrible difncultles of our 
unsystematic and stubborn orthography. We ^ink this volume will he a valu- 
able addition to the pupil's store of books, and, If rightly used, will prove a safe 
and suggestive guide to a sound and Uiorough knowled^ of hU native tongue.'* 
— TAe ScheUmaster. 

“ Mr Stormonth, in this admirable wopd-lniok, has provided the means of 
carrying out our principle in the higher classes, and of correcting all the in- 
exactness and want of completeness to wiiich the English student of EngUsL 
la liable. His book le an etymological dictionary curtailed and condensed. . . . 
The pronunciation is indicated by a neat system of symbols, easily mastered 
St tlie outset, and indeed pretty nearly speaking themsolrea.* — School Board 
ChronieU. 
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SeTMitli Thvuaad. 

New Edition, thoroughly revised end brought down to the present timob 
MAKUAL OF MODBBN OBOaBAPHT: Mathemati- 
OAL, Phtbioal, and Poutioal ; on a new plan, embracing a com- 
plete development of the River Systems of the Globe. By the 
Rev. Alkzandbr Mackat, LL.D., F.R.G.SL Revised to date of 
publication. Crown 8vo, pp. 688. 7s. 6d. ^ 

This volume— the result of many years* unremitting application— is 
specially adapted for the use of Teachers, Advanced Classes, Candidates 
for the Civil ^rvice, and proficients in geonaphy generally. 

In this edition the entire work has be^ subjected to another 
thorough revision. All political changes are carefully represented ; the 
social, industrial, and commercial statistics of all countries are brought 
down to the latest dates ; and the rapid ‘progress of geographical ois- 
covery is duly notified. In short, no pains have been spared to render 
the work wholly reliable in every department. 

Forty Fourth Thousand. 

ELEMENTS OF MODERN GEOGRAPHY. By the Same. 
Revised to the present time. Crown 8vo, pp. 800. Zb, 

The * Elements* form a oareful condensation of the '’Manual,' the 
order of arrangement being the same, the river-systems of the globe 
playing the same conspicuous part, the pronunciation being given, and 
the results of the latest census Wng uniiormlv exhibited. This volume 
is now extensively introduced into miny of the best schools in the 
kingdom. 

One Hundred and Twenty -Fifth Thousand. 
OUTLINES OF MODERN GEOGRAPHY. By the Same. 
Revised to the present time. 18mo, pp. 112. Is. 

These * Outlines* — in many respects an epitome of the * Elements*— 
are carefully prepared to meet the wants of beginners. The arrange- 
ment is the same as in the Author’s larger wor& Minute details are 
avoided, the broad outlines are graphically presented, the accentua- 
tion marked, and the most recent changes in political geography ex- 
hibited. 

Sixth Edition, Revised. 

THE INTERMEDIATE GEOGRAPHY. Intended as an 

Intermediate Book between the Author's * Outlines of Geography’ 
and * Elements of Geography.’ By the Same. New Edition, to 
which is appended an abridgment of * Scripture Geography.* 
Crown 8vo, pp. 224. Ss. 

Sixty-Ninth Thousand. 

FIRST STEPS IN GEOGRAPHY. By the Same. Beyiaed 
to the present time. 18mo, pp. 56. Sewed, 4d. In cloth, 6d. 
GEOGRAPHY OF THE BRITISH EMPIRE. By the 
Same. 8d. 

ELEMENTS OF PHYSIOGRAPHY. By the Same. 

15th Thousand. Hee page 11. 
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OPINIONS OF BB MAOBArS GEOGRAPHICAL SERIES. 


Aimaal Addrew of the Preiideiit of the Royal Geographical Society. 
•-We must admire the ability and persevering research with which he has 
succeeded In imparting to his * Manual ' so much freshness and originality, 
lu no resi)ect is this character more apparent than in the plan of arrangement, 
by which the author ciinmences his description of the physical geography of 
each tract by a sketch of its true basis or geological structure. It is, indeed, 
a most usefrd schoobbook In oijculng out geographical knowledge. 


Saturday Review.— It eoutains a prodigious array of geographical facts, 
and vrill be found usefril for reference. • 


English Journal of Education.— Of all the Manuals on Geography that 
have come under our notice, we i)laca the one whose title Is gu;en aliove in the 
first rank. For fulness of Information, for knowletige of inetbod in arrango- 
meut. for the manner In which the deUails are Imialled, we know of no work 
tlkat can, lu these respects, compete with Mr Mackay’s Manual. 


A. KEITH JOHNSTON, LKD,, F.R.S.B., F.R.G.S., H.M. Geographer 
for Scotland, Author of the ‘Royal Atlas,’ &c., &c.— There is no work 
of the kind In this or any other language, known to me, which 
my ideol of iKirfectlon lu a acliool-hook, on the ImiMDi tant ^ 

irLts In arraiiBeinent, style, selection of matter, clearness, and thorougn 
Slicy of sS la wi’thout a rival; and 

Anifiunt of labour and research you liestowed on its production, 1 trust It will 
t<n^ {.)• »n «ct««siv, sak. a wcn-matltad reward. 

n mrKERTON Eaa.. Edinburgh Institution.-! have been led to form 
^1.4 nf^ickav’s ‘ Muiiual of Geography ’ and ‘ Elements of Geo* 

«.Ktkn of them! aid partly from my 
M a text-^^ in the EDiNeum.n Institutiok One of 

to the student of geograidiy. 

RICHARD D. ORAl^ p^JJSr»’in"he*&.h 

Ministers Of the 

Uiilvenitl 08 .-N 0 «f which it treats, ^ Dr 

UiUoiis of a oLffranhv * ' In Alness and accuracy of de- 

Mackay's Elemeiits of .Jijiued with clearness and simplicity 

tails, in the scientiflc grouping nothing to bo desired in the 

ol sUteineut, it stands ^ono, ^ j^gon of this exceptional variety 

way of improvement higher education, it is never 

and thorouLdmess, to R to the iutelligcnce of ordluaiy pupils. 

SKOT £as; «' £• .!S! 

modem travel and research. 

SpooUtor.-Tfr. »k»t Oeogntphy w« h»v« •»« “*•» 
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HISTORICAL READING-BOOKS. 


EPITOME OF ALISON'S HISTOBT OF EUROPE, for 
TUB 0SB or Schools. 28th Thousand. Post 8vo, pp. C04. 
7s. 6(1., bound in leather. , Atlas to ditto, 78. 

T'HE EIGHTEEN CHRISTIAN CENTURIES. By the 
Kov. Jamks Whitk, Author of ‘The History of France.’ Seventh 
Edition, post 8vo, with Index, 68. * 

" He goes to work upon the only true principle, and produces a picture that 
at oijce satisfles truth, arrests the memory, and fills the imagination. It will 
be difficult to lay hands on ahy book of the kind more useful and more enter- 
taining. "—TVines. 

HISTORY OF FRANCE, from the Earliest Times. By the 

Same. 6tU Thousand, post 8vo, with Index. 6s. 

HISTORY OF INDIA : From the Earliest Period to the 

Close of thk India Company’s Government, with an Epitome 
OF Subsequent Events. Abridged from the Author’s larger 
Work, By John Clark Marshman, C.S.I. Crown 8vo, pp. 568. 
6s. 6d. Second Edition, with Map. 

*** There is only one History of India, and that is Marshman's/ exclaimed a 
critic when the original three-volume edition of this book appeared some years 
ago. He had read them all, and a whole library of books referring to periods 
or the history, and this was his conclusion. It is a wise and a just verdict. 
Daily lUvUw. 

THE LIFE AND LABOURS OP THE APOSTLE PAUL. 

A Continuous Narrative for Schools and Bible-CIasses. By Charles 
Michie, M..*\. Third Edition, Revised and Enlarged. Fcap, 
8vo, cloth. Ls. 

**A succinct, yet clear and comprehoiislve, view of the life and labours 
of the great Apostle. The story of Paul's life, so replete with spirit-stirring 
incidents, is told in a tiiauiier extremely well fitted to arrest the attention of 
adv.'uiced pupils, and we ran with confidence commend this little work as an 
admirable text-book for 13it)le-clasHes."->A'ttfionaf Educational GoaciU, 


ENGLISH PROSE COMPOSITION ; A Practical Manual 
FOR Use in Schools. By James Currie, M.A., Principal of 
the Churcli of Scotland Training College, Edinburgh. Thirty- 
Second Thousand. Is. 6d. 

** 'VVe do not remember having seen a work so completely to our minds as this, 
which combines sound theory with judicious practice. Proceeding step by 
step, it advances from Hie foriiuitiou of the shortest sentences to the composi- 
tion of coniidete essays, the nuidl being everywhere fliniished with all needful 
assistance in the way of models and lunts. Nobody can work through such s 
book as this without thoroughly understanding the structure of sentences, 
and acepriring fiicility In arranging and expressing hla tlioughts appropriately. 
It ought *to bo extensively used."— -AfArnanm. 

A MANUAL OF ENGLISH PROSE LITERATURE, 

Biographical and Critical ; designed mainly to show characteristics 
of style. By W. Minto, M.A. Crown 8vo. BU. 6d. 
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OLASSIOAL TEXT-BOOKS. 


ADITUS FAOILIOESS 2 An Easy Latin Oonstruing Book, 
with Complete Vocabulary. By A. W. Potts, M.A., LL.D. 
H^d-M^ter of the Fettea College, Edinburgh, and sometime 
h ellow of St John s College, Cambridge ; and the Rev. C. Darnell, 
M.A.,Head.Ma8terof Cargilfield Preparatory School, Edinburgh, 
and late Scholar of Pembroke and Downing Colleges, Cambridge. 
Sixth Edition. Pcap. 8vo. Ss. 6d. » # 

ADITUS FAOILIOBES GBAEOI. An Easy Greek Con- 
struing Book, with Complete Vocabulary. By the Sams Authors. 
Second Edition. Fcap. 8yo. Ss. 

, A PABALLEL SYNTAX. Greek and Latin for Beginners, 
with Exercises and a Greek Vocabulary. By the Rev. Herbsbt 
W. Snbtd-Ktnnkbslbt, LL.M., Triu. Coll., Cambridge; Head- 
Master of Sunninghill House, Ascot; Author of * Greek Verbs for 
Beginners,' Ao« Crown 8vo. Ss. 

PBAOTIOAL RUDIMENTS OF THE LATIN LAN- 

OUAGB; Or, Latin Forms and English Roots. Comprising 
Accidence, Vocabularies, and Latin-English, English-Latin, and 
English Derivative Exercises, forming a complete First Latin 
Course, both for English and Latin Classes. By John Ross, M. A., 
Rector of the Hioh School of Arbroath. Second Edition. Crown 
8vo, pp. 164. Is. Cd. 

INTRODUCTION TO THE WRITING OF GREEK. 

For the use of Junior Classes. By Sir D. K. Sandford, A.M., 
D.C.L. New Edition. Crown 8vo. 3s, 6d. 

RULES AND EXERCISES IN HOMERIC AND ATTIC 

GREEK ; to which is added a short System of Greek Prosody. 
By the Same. New Edition,. Cro^vn 8vo. Cs. 6d. 

GREER EXTRACTS, WITH NOTES AND LEXICON. 

For the Use of Junior Classes. By the Same, New Edition. 
Crown 8vo. 6s. 

GERMAN LITERATURE. 

A HANDY MANUAL OF GERMAN LITERATURE. For 

Schools, Civil Service Competitions, and University Local Exam- 
inations. By M. F. Reid. Foap. cloth. 3s. 

A TREASURY OF THE ENGLISH AND GERMAN 

LANGUAGES. Compiled irom the best Authors and Lexico- 
graphers in both Languages. Adapted to the Use of Schools, Stu- 
dents. Travellers, and Men of Business ; and forniiim a Comp^ion 
to* all Gemiau-English Dictionaries. By Joseph Cauvin, LL.p. 
A Ph.D., of the University of Gottingen, Ac. Crown 8vo. 7b. 6d., 
rmuud in cloth. 
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NATITBAli HISTOBT. 


A MANUAL OF ZOOLOOT, tor th« Un of Stadonti. 
Wltk a Ganeral IntrodnctioB on tba Pilne^laa of Zoology. By 
Hnmy AuitnnNioaoLacm, M.D., D.Sa,H.A.f Pr.D., F.B.S.E.. 
F.O.S.I Profoiaor of Natnm Hiatory in the University of St 
Andrawi. Fifth Bdldon, reviud anqjiratly onlaiMd. Crown 
8vo, pp. 816, with 884 Engravlnga on Wood. 14a. . 

It li the beat manual of soology yet publiahed, not merely In England* but 
in Eatope.'’-Aia Ifott (Totaafte. 

** The beat treatise on Zoology in moderate eomjiaaa that we poaaeaa."— 
Loneile 

TBXT-BOOK OF ZOOLOGY, for the Use of Schools. 
By the Same. Third EditioUi enlarged. 'Crown 8vo, with 188 
Engravings on Wood. 68. 

** This oapitallntroductlou to natural history is Illustrated and well got up 
In every way. We should be glad to see it generally used In schools.**— ifedv 
eoi Praai ana Citimlar, 

INTBODUOTOBY TEXT -BOOK OF ZOOLOGY, for 
THE UsB OF Junior Classes. By the Same. Fourth Edition, 
revised and enlarged, with 156 Enmvings. 8s. 

** Very suitable for Jumor classes in sehooia. There la no reason why any one 
should not become acquainted wiUi the principles of the science, and the fkcU 
on which they are based, as set forth in this volume.**— Lanoei. 

** Nothing can be better adapted to Its object than this cheap and well- 
written Iniioduction.'*— London Quiurterly RtvUw, 

OUTLINES OF NATUBAL HISTOBY, for Beginners; 

being Descriptions of a Progressive Series of Zoological Types. By 
the Same. Second Edition. With 62 Engravings. Is. 6d. 

** There has been no book. since Patterson's well known 'Zoology for 
Schools’ that has so completely provided for the class to which it is addressed 
as the capital little volume by Dr Nicholson.**— Popular Science BuoUw. 

EXAMINATIONS IN NATUBAL HISTOBY; being a 

Progressive Series of Questions adapted to the Author's Introduc- 
tory and Advanced Text-Books and the Student's Manual of Zoo- 
logy. By the Same. Is. 

INTBODUOTION TO THE STUDY OF BIOLOGY. 
By the Same. Crown 8vo, with numerous Engravings. 6s. 

A MANUAL OF PALiEONTOLOGY, for the Use of Stu- 
DENTB. With a General Introdnction on the Principles of Palteon- 
tology. By the Same. Second Edition. 2vol8. 8vo, with 722 
Engravings. 428. 

THE ANOIENT LIFE- HISTOBY OF THE EABTH. 
An Outline of the Principles and Leading Faots of Palosontological 
Soignoe. By the Same. With a Glossary and Index. In crown 
Svo. with 270 Engraviiigi. lOi. 6d. 
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GEOLOGY. 


SleTenth Edition. 

INTBODUOTOBT TEXT -BOOK OF OEOLOGT. By 

David Paob, LL.D., Etc., Professor of Geology in the Durhaiu 
Universitv College of Physical Sdence* Newcastle. With Engrav- 
ings on Wood, and Glossarial Index. 2 b. 6d. 

**lt has not been our good fortane to examine a text-hook on science of 
which we could express an opinion so entirely favourable as we are enabled to 
do of Hr Page's little work."->.d(^cBunw 

Sixth Edition. 

ADVANCED TEXT -BOOK OF GEOLOGY. Deaoriptive 
AND Industrial. .With Engraving, and Glossary of Sciontitio 
Terms. By the Same. Revised and enlarged. 7 b. 6d. 

** We have carefully read tliia truly satisfactory book, and do not hesitate to 
say that it is an excellent compoudium of the great facts of Geology, and writ- 
ten In a truthful and philosophic spirit."-*£dinburgh PhUoBophioal Jownud. 

** As a school-book notldng can match the Advanced Text-Book of Geology 
by Professor Page of Newcastle.**— Hectics' MagaMne, 

** We know of no introduction containing a larger amount of information in 
the same space, and which we could more cordially recommend to the geologi- 
cal student**— Afherunttm. 

Seventh Edition. 

THE GEOLOGICAL BXAMINATOB. A Progreseive 
Series of Questions, adapted to the Introductory and Advancwl 
Text-Books of Geology. Preparetl to assist Teachers In framing 
their Examinations, and Students in testing their own Progress and 
Proficiency. By the Same. fid. 

Sixth Edition. 

THE OBUST OP THE EARTH; A Handy Outline of 
Geologt. By the Same. Is. 

“An emiuetiUy satisfactory work, giving, in less than 100 images, an ^^*'**^' 
able outline sketch of Geology, . . . fbnning, If not a royal road, at lensi 
5ne df Slramwtheet we pusISs. to an iiiteUTgent acquaintance with geulo. 

“>« trustwortliy cb.racl.r.--5<««d««I 
Third Edition, Enlarged. 

GEOLOGT FOB GENERAL BEADpS. A Series of 
Popular Sketohe. in Geology an<l Palieoiitology. By 

to “y toteUlgeut reader.“-«eolori«rf 

avwnPRFS OF SUBJECTS taught In the Geological 
®^C?sSfSle(?of Physical Science, NewoaetU-o^Tyne, University 
of Diirham. BytheSame. Fcap. cloth. 28.64 
Second Edition, Enlarged. 

HANDBOOK OF GEOLOGICAL TEBMS, GEOLOGY, 
and physical geography. By the Same. 7.. 6d. 
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Q-BOLOGY — Continwd, 

CHIPS AND OHAPTEBS. A Book for Amatenrs and 
Young Geologists. By David Pack, LL.D., Btc. Ss. 

THE PHILOSOPHY OF GEOLOQ Y. A Brief Heyiaw of 

the Aim, Soope, and Character of Geological Inquiry. By the 
Some. Fcap. 8vo. 38. 6d. 


From the * SiUm'Jtay JievUw.* 

** Few of our band-books of popular science can 1 m said to have greater or 
more decisive merit than those of Mr Page on Geology and Palseoutology. 
They are clear and vigorous in style, they never oppress lim reader with a 
]*cdaxitic display of learning, nor overwhelm him with a pompous and 8Ui>er- 
tluous terminology; and they have Uie hai*pyart of taking niin straightway 
to the face of nature herself, instead of leading him by Die tortuous and bewil- 
dering paths of technical system and artificial classification " 


A.GRIOULTURE. 

CATECHISM OP PRACTICAL AGRICULTURE. By 
Hknuy STEriiKKS, F.RS.E., Author of the ^Book of tlie Farm.* 
A Now Edition. With Engravings. Is. . 

'* Teachers will find in this Uttlo volume an admirable course of Instruction 
in itractical agiiculture— that is, the outlines which they may easily fill up ; 
and by following the hints given in Mr Stephens* preface, the course would 
scarcely fail to be quite Interesting, as well as of great practical benefit. 
Lanied jiroprietors and farmers might with ])ro]>iiety encoumge the iutroduc- 
tiim of tliiK w'ork Into schools.**— Juurml. 

PBOFESSOR JOHNSTON’S OATEOHISM OF AOBI- 
CULTURAL CHEMISTRY. A New Edition, revised and ex- 
tended by Charles A. Oamsboh, M.D.9 F.ii.G.S.1., Etc, With 
Engravings. Is. 

PROFESSOR JOHNSTON’S ELEMENTS OF AGRI- 
CULTURAL CHEMISTRY AND GEOLOGY. Eleventh Edi- 
tion, revised and brought down tc the present time, by Charles 
A. Cameron, M.D., F.R.G.S.I., Etc. Foolscap. 6s. 6d. 


POPULAR CHEMISTRY. 

PROFESSOR JOHNSTON’S CHEMISTRY OF COMMON 

LIFE. New Edition, revised and brought down to the present 
time. By Arthur Herbert Church, M.A. Ozon., Author of 
' Food, its Sources, Constituents, and Uses ; * * The Laboratory 
Guide for Agricultural Students,* &c. Illustrated with Maps and 
102 Engravings on Wood. Crown Svo, pp. 618. 7s. 6d. 

** No popular scientific work that has ever been published has been more 
ffenerally and deservedly appreciated than the late Professor Johnston’s 
* Chemistry of Common Llfe.^ ... It remains unrivalled as a clear, inter- 
esting, comprehensive, and exact treatise upon the importsot subjects with 
which it deals. . . , The book is one which not only every student but 
every educated person who lives should read, and keep to refer to.”— ilfarlc 
‘Lane Exprese. 
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PHYSIOAIj aEOGIlAPHY, &o. 


O®* physical CEO. 

Sketcn-Maps aud Illustrations, By David 
of Geology. ^ Ninth 

subject are so clearly defined, the exidanations are so 
lhown^nr^hLvp\^^^ ^ anotl.cr are so satisfaciorilv 

Vvm^irkuah* Jr? bcarings of the allied sciences to Physical GeomnliV 

precision, that every reader will feel that ditli- 
^ removed, and the path of study smoothed before him.’'- 

“ Whether M a school-book or a manual for the private student, this work 
has no e<4ual in our Educational literature.”— /ro7i. * 


ADVANCED TEXT-BOOK OP PHYSICAL GEOGRAPHY 

With Engravings. By the Same. Second Edition. 5s. 

** A thoroughly good Text-Book of Physical Geography.”— Saturday Rtvieu'. 

EXAMINATIONS ON PHYSICAL GEOGRAPHY. A 

Progressive Series of Questions, adapted to the Introductory and 
Advanced Text-Books of Physical Geograi)liy, By the Same. 
Third Edition. 9d. 


ELEMENTS OF PHYSIOGRAPHY AND PHYSICAL 

GEOGRAPHY. With express reference to the lustructious 
recently issued by the Science and Art Department. By the Rev. 
Albx. Maokat, LL.D., F.R.G.S., Author of Manual of 
Modem Geography, Mathematical, Physical, and Political,’ &c. 
With numerous Illustrations. 15th Thousand, pp. 150. Is. 6d. 

COMPARATIVE GEOGRAPHY. By CARL RITTER 
Translated by W. D. Gage. Fcap. 3s. 6d, 

INTRODUCTORY TEXT-BOOK OF METEOROLOGY. 

By Alexandku Buchan, M.A,, F.R.S.E., Secretary of the Scot- 
tish Meteorological Society, Author of ‘Handy Book of Meteor- 
ology/ Ac. Crown 8vo, with 8 Coloured Charts and other Engrav- 
ings. Pp. 218. 4s. 6(1. 

“ A handy compendioiu of ^leteorology by one of the most conii>eteiit autho- 
rities on this branch of science.”— Geographische Mittkeilv/ngm. 

** We can recommend it as a handy, clear, and scientific introduction to the 
theory of Meteorology, written by a man who has evidently mastered Us sub- 
ject”— Lcuioet. 

'* An exceedingly uaefiil volume.”— A tA«aau?a. 


BOTANY. 

A MANUAL OF BOTANY, Anatomical and Physiological. 
For tho Use of Students. By Robert Biiown, M.A., Pu.D., 
F,K.G.S. Crown 8vo, with numerous Illustrations. 12s. 6d. 

“We have no hesitation In recommending this volume to our readers as 
being the best and most reliable of the many works on botany yet issued . . . 
His manual will, if we mistake not, be eagerly consulted and attentively 
studied by all tliose who take an interest in tlto acitutoe of botany.”— Citni 
Service GazetU. 
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MATHBMATIOS, &a 


THE THEOBT OF ARITHMETIC. Bj David Mnnn, 

F.KS.Em Matbomatical Master^ Royal High School of EdiBburgL 
Crown 8vo, pp. 294. 58. 

ELEMENTARY ARITHMETIC. By Edward Sang, 
F.R.S.E. This Treatise is intended to supply the great desider- 
atum of an intellectual instead of a routine course of instruction in 
Arithmetic. Post 8vo. 5s. 

THE HIGHER ARITHMETIC. By the Same. Being 
a Sequel to * Elementary Arithmetic.’ Croum 8vo. 5s. 

FIVE -PLACE LOGARITHMS. Arranged by the Same. 

Sixpence. For the Waistcoat-Pocket. 

TREATISE ON ARITHMETIC, with numerous Exercises 
for Teaching in Classes. By Jamks Watson, one of the Masters 
oMieriot’s Hospital. Foolscap. Is. 

PRIMER OF GEOMETRY. An Easy Introduction to the 
Propositions of Euclid. By Francis Cuthbkrtson, M .A. , LL.D,, 
late Fellow of Corpus Christ! College, Cambridge ; Head Mathe- 
matical Master of tne City of London School. 3d Edition. Is. 6d. 

** The selection Is most Judicious, and we believe the plan will be success- 
fni"— Spectator, 

A GLOSSARY OF NAVIGATION. Containing the De- 
finitions and Propositions of the Science, Explanation of Terms, 
and Description of Instruments. By the Rev. J. B. Harbokd, 
M.A., Assistant Director of Education, Admiralty. Crown 8vo, 
Illustrated with Diagrams. Os. 

DEFINITIONS AND DIAGRAMS IN ASTRONOMY 
AND NAVIGATION. By the Same. Is. Od. 

ELEMENTARY HAND-BOOK OF PHYSIOS. With 210 
"" Diagrams. By William Rossiter, F.R.A.S., Ac. Crown 8vo, 
pp. 390. 58. 

**A slngnlarly interesting Treatise on Physics, founded on facts and 
phenomena gamed at first nand by the Author, and eximuuded in a style 
which is a model of that simplicity and ease in Writing which betokens mas- 
of the subject To those who require a non-mathematical exposition of 
the principles of ^yslcs, a better book cannot be recommended.'*- PaU MaU 
Gantti. 
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MBlfTAL PHILOSOPHY. 


filth Edition. 

LECTUBES ON METAPHYSICS. By Sir WILLIAM 

. HA.MIIjTON, Bart., Professor of Logic and Metaphv.«}ics in the 
University of Edinburgh. Edited by the Very Rev. H. L. Man- 
sell, LL.D., Dean of St Paur.s,and John Vbitoh, M.A„ Professor 
of Logic and Rhetoric, Glasgow. 2 vols. 8vo. 24s. 

Third Edition. 

LECTURES ON LOGIC. By Sir WILLIAM HAMIL- 
TON, Bart. Edited by the Same. 2 vols. 8vo. 24s. 

Third Edition. 

DISCUSSIONS ON PHILOSOPHY AND LITERATURE, 

EDUCATION AND UNIVERSITY REFORIVL By Sir WIL- 
LIAM Hamilton, Bart. 8vo. 21s. 


New Editinn. 

PHILOSOPHICAL WORKS OP THE LATE JAMES 
FEEDEHICK FERRIKR, B.A., Oxon., LL.D., Professor of Moral 
Philosophy and Political Economy in the University of St 
Andrews. 3 vols. crown 8vo. 34s. 6d. 

The following are sold Separately 
INSTITUTES OP METAPIIYSTO. Third Edition. 10s. 6d. 
LECTURES ON THE EARLY GREEK PHILOSOPHY. Sec- 
ond Edition. 10s. 6d. 


PHILOSOPHICAL REMAINS, including the Lectures on 
Early Greek Philosophy. Edited by Sir A lex. Grant, 
Bart., D.C.L,, and Professor Lusiunqton. 2 vols. 24s. 

Eighth Edition. 

PORT ROYAL LOOIO. Translated from the French: 
■with IntrodiictioTi. Notes, and 

BaTOES, LL.D., Professor of Logie and English Literature ra the 
University of St Andrews. 12mo. 4s. 

Seventh Edition. 

METHOD MEDITATIONS, AND PRINCIPLES OP 
PHILOSOPHY OF DESCARTES. the original 

p“neh«dLJtta.^ St New introduce 
and Critical, on the Cartesian Philosophy. By John Vkwch 
LLD., Professor of Logic and Bhetorio in the Univers y 
Glasgow. 12mo. 6s. 6d. 

TH« PHILOSOPHY OF HISTORY IN EUROPE. VoL 
the Unirersity of Edinburgh. 8vo. ISa. 

A SCIENCE PRIMER. 

ON THE NATURE OF THINGS. By JOHN G. MAC- 
VICAR, LL.D., D.D. Crown 8vo, with illustrations. Ss. 6d. 
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PHILOSOPHICAL CLASSICS 

FOB 

ENGLISH READERS. 

EDITED BY ' 

WILLIAM KNIGHT, LL.D., 

Professor of Moral Philosophy, University of St Andrews. 

^HE success which attended the experiment of introducing the 
Greek and Roman Classics to English readers, confirmed the 
Publishers in their original intention of undertaking a similar 
series, devoted to Foreign European Classics. In now announcing 
the extension of their scheme to another Series, dealing with the 
chief Philosophical writers of modern Europe, from Bacon and 
Descartes onwards, the Publishers feel certain that they are filling 
up a blank in popular literature. A growing interest in Philo- 
sophy, arising out of the diffusion of Learning and the progress of 
Science, is one of the marked features of the present age. 

The aim of this Third Series will be to tell the general reader — 
who cannot possibly peruse the entire works of the Philosophers — 
who the founders of the chief systems were, and how they dealt 
with the great questions of the Universe ; to give an outline of 
their lives and characters ; to show how the systems were con- 
nected with the individualities of the writers, how they received 
the problem of Philosophy from their predecessors, with what 
additions they handed it on to their successors, and what they 
thus coiitributed to the increasing purpose of the world’s thought 
and its organic development as well as to illustrate the questions 
that engrossed them in the light of contemporary discussion. 

The Series will thus unfold the History of Modern Philosophy 
under the light cast upon it by the labours of the chief system- 
builders. In each work it will be the aim of the WTiters to trans- 
late the discussion out of the dialect of the Schools, which is often 
too technical, and which presupposes the knowledge of a special 
vocabulary, into the language of ordinary life. If the philo- 
sophical achievements of such writers as Descartes, Spinoza, 
Bacon, Hobbes, Locke, Leibnitz, Butler, Berkeley, Hume, Stewart, 
Kant, Fichte, Hegel, Cousin, Comte, and Hamilton (not to refer 
to other names), were thus recorded, — and the discussion popu- 
larised without being diluted, — it is believed that the Series 
would form a useful assistance to the student of Philosophy, and 
be of much value to the general reader. A prospectus of the 
Series, and a detailed list of the writers, will speedily be an- 
nounced. 
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Ancient Classics for English Readers. 

Edited by the Key. W. LUCAS COLLINS, M,A. 

Complete In 28 vole., price 28. 6d. each, in cloth (sold separately); or honnd 
in 14 volfi., with calf or vellum back, for £S, lOa. 


CONT 

Homer: The Iliad. By the Edi- 
tor. 

Homer : The Odyssey. By the Edi- 
tor. ' 

Herodotus. By G. C. Swajme, M.A. 

Xenophon. By Sir Alexander Grant, 
Bart. 

Euripides. By W. B. Donne. 

Ari.stophanes. By the Editor. 

Plato. By Clifton W. Collins, M.A. 

Lucian. By the Editor. 

.^scHYLus. By Reginald S. Cop- 
leston, D.D. (now Bishop of Col- 
ombo). 

Sophocles. By Clifton W. Collins, 
M.A. 

HE.S10D AND Thkoonis. By the Rev. 
J. Davies, M.A. 

Greek Anthology. By Lord Neaves. 

Virgil. By the Editor. 

Horace. By Theodore Martin. 

Juvenal, By Edward Walford, M. A. 


ENTS. 

Plautus and Terence. By the Edi- 
tor. 

The Commentaries op Caesar. By 
Anthony Trollope. 

Tacitus. By W. B. Donne. 

Cicero. By the Editor. 

Pliny's Letters. By the Rev. Alfred 
Church, M.A., and the Rev. W. J. 
Brodribb, M.A 
Livy. By the Editor. 

Ovid. By the Rev. A. Church, M.A. 
Catullus, Tibullus, and Proper- 
TiiT.g. By the Rev. James Davies, 
M.A. 

Demosthenes. By the Rev. W. J. 
Brodribb, M.A. 

Aristotle. By Sir Alexander Grant, 
Bart., LL.D. 

Thucydides. By the Editor. 
Lucretius. By W. H. Mallock. 
Pindar. By the Rev. P. D. Morico, 
M.A. 


“ In the advertising catalogues we sometimes see a book labelled as one 
* without which no gentleman’s library can be looked upon as comx)lete. ’ It 
may l>e said with truth that no popular library or mechanic’s Institute will be 
properly fhmished without this series. . ► . Tliese handy books to ancient 
classical literature are at the same time as attractive to the scholar as they 
ought to be to the English reader. We think, then, that they are destined to 
attain a wide and enduring circulation, and we are quite sure that they deserve 
it’*— Westminster Review. 

**lt is difficult to estimate too highly the value of such a series as this in 
giving ‘English readers * an insight, exact as far as it goes, into tliose olden 
times which are so remote and yet to many of us so close.' —Safunfoi/ Review. 

“ Wo gladly avail ourselves of this opportunity to recommend the other vol- 
umes of this useful series, most of whidh are executed with discrimination and 
tRAliiY.”— Quarterly Review, 
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Foreign Classics fob Englisif Readers. 

■itoil'W) BT MRS OLIPHANT. 

Ill course of publication^ price 28.^ each. 

** The won$lerfal and well-deserved success of the * Ancient Classics ' natu- 
rally led to the extension of the design ; and the kindred series of * Foreign 
Classics' bids fair to rival its predecessor in educational value.*’— Iroiuf on 
Qvdirterly Review, 


1. DANTE. By the Editor. 

** We consider Mrs Oliphant’s to be exactly the book which its authoress in- 
tended, and a very grateful and opportune boon to all who are beginning the 
study of Dante, as well as to the far larger class of readers who, without 
haying either time or energy for so arduous a task as that, are still anxious 
to acquire a clear and (for their purpose) adequate knowledge of the genius 
and writings of an author of whom— far more truly than of Montaime— it 
may be said that he is the first author whom a gentleman is ashamed of not 
knowing. 

* 11. VOLTAIRE. By Major-Gener«il E. B. Hamlet. 

“ A work in which all .the salient points of a coniplicated and puzzling exist- 
ence are brought in a clear and striking manner into a general view."— SUtwr- 
day Review. 

** A bright and judicious little book.”— Westminster Review, 

III. PASCAL. By Principal Tulloch. 

**Tho result of Principal Tulloch's labours is a little volume which is ex- 
cellently xdtched for English readers, and, avoiding critical questions, collects 
into a charming miniature all that can bo most interesting to them.**— PafI 
^MallQazette, ^ 

IV. PETRARCH. By Henby Reeve. 

“Thoroughly well done. One of the best of this valuable and remarkable 
series.'*— JfcViwcaiional Times. 

V. GOETHE. By A. Hatwabd,' Q.C. 

“It is the condensed product of original and independent study, full of 
sound criticism, instructive comment, and piquant reficction.”— Pimes. 

VI. MOLIERE. By the Editor, and F. Tarver, M. A. 

“ An excellent little volume.”— Review. 

VII. MONTAIGNE. By the Rev. W. Luoas Collins, M. A. 
VIH. RABELAIS. By Walter Besant, M.A. 

IX. CALDERON. By E. J. Hasell. 

X. SAINT SIMON. By Clifton W. Collins, M.A. 


CERVANTES, 
MADAME DE 
D£ STAEL, . 


JN PREPARATION. 

, , . By the Editor. 

& MADAME 1 
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I By Miss Thackeray. 
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